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H.  Antliropology— E.  S.  Morse  of  Salem. 

I.  Economic  Science  and  Statistics— John  Eaton  of  Washington. 

PERMANENT  SECRETARY. 

F.  W.  Putnam  of  Cambridge. 

GENERAL  SECRETARY. 

Alfred  Springer  of  Cincinuati. 

ASSISTANT  GENERAX  SECRETARY. 

Edward  S.  Holden  of  Madison. 

SECRETARIES  OF  THE  SECTIONS. 

A.  M!athematics  and  Astronomy— G.  W.  Hough  of  Chicago. 

B.  Physics— N.  1).  C.  Hodgics  of  Salem. 

C.  Chemistry— R.  B.  Warder  of  North  Bend. 

D.  Mechanical  Science— J.  Burkitt  Webb  of  Ithaca. 

E.  Gfreology  and  G^eography— Eugene  A.  Smith  of  Tuscaloosa. 
P.  Biology— C.  E.  Bessdy  of  Ames,  Iowa. 

G.  Histology  and  Microscopy— Komyn  Hitchcock  of  New  York. 

H.  Anthropology— W.  H.  Holmes  of  Washington. 

I.   Economic  Science  and  Statistics— C.  W.  Smu.ey  of  Washington. 

TREASURER. 

William  Lilly  of  Mauch  Chunk. 
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MEMBERS    OF    THE    STANDING    COMMITTEE 


FOB  THE 


PHILADELPHIA  MEETING. 


Past  iVc«£d«»t».— James  D.  Dana  of  New  Haven ;  Jambs  Hall  of  Al- 
bany; Isaac  Lba  of  Philadelphia;  F.  A.  P.  Barnard  of  New  York;  J. 
S.  Nkwberry  of  New  York ;  B.  A.  Gould  of  Boston ;  T.  Stkrry  Hunt 
of  Montreal ;  Asa  Gray  of  Cambridge ;  Joseph  Lovbiung  of  Cambridge ; 
J.  E.  Hilgaud  of  Washington ;  Simon  Nbwcomb  of  Washington ;  O.  C. 
Marsh  of  New  Haven;  Gbobgb  F.  Barker  of  Philadelphia;  George 
J.  Brush  of  New  Haven;  J.  W.  Dawson  of  Montreal;  C.  A.  Young 
of  Princeton. 

Vice  Presidents  of  the  Last  Meeting, — W.  A.  Rogers  of  Cambridge ;  H. 
A.  Rowland  of  Baltimore;  Edward  W.  Morley  of  Cleveland;  De 
Volson  Wood  of  Hoboken;  C.  H.  Hitchcock  of  Hanover;  W.  J.  Beal 
of  Lansing ;  J.  D.  Cox  of  Cincinnati ;  O.  T.  Mason  of  Washington ; 
F.  B.  Hough  of  Lowville. 

Officers  of  the  Present  Jfeeefngr.— J.  P.  Lesley  of  Philadelphia;  H.  T. 
Eddy  of  Cincinnati;  John  Trowbridge  of  Cambridge;  John  W. 
Langlby  of  Ann  Arbor;  B.  H.  Thurston  of  Hoboken;  N.  H.  Win- 
chell  of  Minneapolis ;  E.  D.  Cope  of  Philadelphia;  T.  G.  Wormlby 
of  Philadelphia ;  E.  8.  Morse  of  Salem ;  John  Eaton  of  Washington ; 
F.  W.  Putnam  of  Cambridge ;  Alfred  Springer  of  Cincinnati ;  Ed- 
WABD  S.  Holden  of  Madison;  G.  W.  Hough  of  Chicago;  N.  D.  C. 
Hodges  of  Salem;  B.  B.  Warder  of  North  Bend;  J.  Burkitt  Webb 
of  Ithaca;  Eugene  A.  Smith  of  Tuscaloosa ;  C.  E.  Bessby  of  Ames; 
ROMYN  Hitchcock  of  New  York;  W.  H.  Holmes  of  Washington; 
C.  W.  Smiley  of  Washington;  William  Lilly  of  Mauch  Chunk. 

From  the  Association  at  Large.^A  fellow  to  be  elected  flrom  each  Sec- 
tion. 
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SPECIAL    COMMITTEES. 


1.    jPiermanerU  CammiUee  on  Weights^  Measures  and  Coinage, 


F.  A.  P.  Barnard  of  New  York, 

B.  A.  Gould  of  Boston, 

J.  £.  HuxBABD  of  Washington, 


H.  A.  Newton  of  New  Haven, 
E.  B.  Eluott  of  Washington, 
John  Trowbridob  of  Cambridge, 


A.  M.  Matbr  of  Hobolcen. 

2.    Committee  on  Membersh^. 
Thk  Mbmbers  of  thb  Standing  CoMMrrrBS. 


8.     OommUUe  on  the  best  methods  of  Science- Teaching  in  the  Puhlie 

Schools. 


S.  L.  YouBfANS  of  New  York, 
A.  B.  Grotb  of  New  York, 
J.  S.  Newbbrrt  of  New  York, 


J.  W.  PowKLL  of  Washington, 
N.  S.  Shalbr  of  Cambridge, 
N.  T.  Lupton  of  Nashville. 


4.    CommUtee  on  t?ie  Begistration  of  Deaths,  Births,  and  Marriages, 


B.  B.  Eixiott  of  Washington, 
J.  B.  Killbbrbw  of  Nashville, 
B.  T.  Cox  of  San  Francisco, 


F.  B.  Hough  of  LowvUIe, 
J.  S.  Copbs  of  New  Orleans, 
John  Collbtt  of  Indianapolis. 


5.    Committee  on  Stellar  Magnittides. 


E.  C.  Pickering  of  Cambridge, 
Lewis  Boss  of  Albany, 
S.  W.  Burnhah  of  Chicago, 
Asaph  Hall  of  Washington, 
William  Harkness  of  Washington, 


E.  S.  Holden  of  Madison, 
Simon  Nbwcomb  of  Washington, 
C.  H.  F.  Peters  of  Clinton, 
Ormond  Stone  of  Univ.  of  Va. 
C.  A.  Young  of  Princeton. 


6.     Committee  to  confer  with  Committees  of  Foreign  Associations  for 
the  Advancement  of  Science  with  reference  to  an  International 
Convention  of  Scient^fic  Associations. 

T.  Stsbbt  Hunt  of  Montreal,         |   Ale3cander  Agassiz  of  Cambridge. 
Simon  Newoomb  of  Washington. 
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XVI 


SPECIAL   COMMITTEES. 


7.     Committee  on  Indexing  the  Literature  of  the  Chemical  Elements, 


H.  Carrixgton  Bolton  of   Hart- 
ford, 
Ira  Remsen  of  Baltimore, 


P.  W.  CL.UIK  of  Washington, 
A.  R.  Leeds  of  Hoboken, 
A.  A.  JuLiEN  of  New  York. 


8.     Committee  on  International  Congress  of  Geologists, 


Jamfjs  Hall  of  Albany, 

J.  W.  Dawson  of  Montreal, 

J.  S.  Newberry  of  New  York, 


T.  Sterry  HrNT  of  Montreal, 
C.  H.  Hitchcock  of  Hanover, 
Raphael  Pi^pelly  of  Newport, 


J.  P.  Lesley  of  Philadelphia. 

9.     Committee  to  confer  toith  the  United  States  Geologist  in  regard  to 
cooperation  betxceen  the  Government  and  State  Geological  Surveys. 


James  Hall  of  Albany, 
T.  Sterry  Hunt  of  Montreal, 
J.  S.  Ned^-berry  of  New  York, 
N.  H.  Wd«xhell  of  Minneapolis, 


C.  H.  HrrcHcocK  of  Hanover, 
J.  P.  Lesley  of  Phllatlelphla, 
G.  H.  Cook  of  Brunswick, 
E.  A.  Smith  of  Tuscaloosa, 


Joseph  Le  Conte  of  San  Francisco. 
This  Committee  has  power  to  add  to  its  number. 

10.     Committee  on  Interchange  of  Courtesies  betioeen  the  American  and 
British  Associations  for  the  Advancement  of  Science, 


C.  A.  YocNO  of  Princeton, 
J.  P.  Lesley  of  Philadelphia, 
J.  W.  Dawson  of  Montreal, 


.T.  Sterry  Hunt  of  Montreal, 

E.  S.  MoRSK  of  Salem, 

T.  C.  Mkxdkxhall  of  Columbus, 


F.  W.  Pltnam  of  Cambridge. 
11.     Committee  in  relation  to  Duty  on  Scientific  Books- 


H.  a.  Rowland  of  Baltimore, 
C.  A.  Young  of  Princeton, 


J.  W.  Powell  of  Washington, 
J.  D.  Cox  of  Cincinnati, 


E.  S.  Morse  of  Salem. 

12.     Auditors, 
Henry  Wheatland  of  Salem,  |  Thomas  Meehan  of  Germantown. 
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COMMONWEALTH  OF  MASSACHUSETTS. 


IN  THE  YEAR  ONE  THOUSAND  EIGHT  HUNDRED  AND  SEVENTY-FOUR. 


AN    ACT 

To  Incorporate    the    "  American    Association    for   the 
Advancement  of  Science." 

Be  it  enacted  by  the  Senate  and  House  of  Bepresentatives^  in  General  Court 
assembled,  and  by  the  authority  of  the  same,  as  follows  : 
Section  1.  Joseph  Henry  of  Wnshiugton,  Benjamin  Pierce  of  Cam- 
bridge, James  D.  Dana  of  New  Haven,  James  Hall  of  Albany,  Alexis 
Caswell  of  Providence,  Stephen  Alexander  of  Princeton,  Isaac  Lea  of 
Philadelphia,  F.  A.  P.  Barnard  of  New  York,  John  S.  Newberry  of  (^eve- 
land,  B.  A.  Gould  of  Cambridge,  T.  Sterry  Hunt  of  Boston,  Asa  Gray  of 
Cambridge,  J.  Lawrence  Smith  of  Louisville,  Joseph  Lovering  of  Cam- 
bridge and  John  LeConte  of  Philadelphia,  their  associates,  the  officers 
and  members  of  the  Association,  known  as  the  **  American  Association 
for  the  Advancement  of  Science,"  and  their  successors,  are  hereby  made 
a  corporation  by  the  name  of  the  **  American  Association  for  the 
Advancement  of  Science,"  for  the  pui'pose  of  receiving,  purchasing, 
holding  and  conveying  real  and  personal  property,  which  it  now  is,  or 
hereafter  may  be,  possessed  of,  with  all  the  powers  and  privileges,  and 
subject  to  the  restrictions,  duties  and  liabilities  set  forth  in  the  general 
laws  which  now  or  hereafter  may  be  in  force  and  applicable  to  such  cor- 
porations. 

Section  2.  Said  corporation  may  have  and  hold  by  purchase,  grant, 
gift  or  otherwise,  real  estate  not  exceeding  one  hundred  thousand 
dollars  In  value,  and  personal  estate  of  the  value  of  two  hundred  and 
fifty  thousand  doll  are. 

Section  8.    Any  two  of  the  corporators  above  named  are    hereby 
authorized  to  call  the  first  meeting  of  the  said  corporation  in  the  month 
of  August  next  ensuing,  by  notice  thereof  *'  by  mail,"  to  each  member  of 
the  said  Association. 
Section  4.    This  act  shall  take  effect  upon  its  passage. 

House  of  Rkpreskxtativks,  March  10,  1874. 
Passed  to  be  enacted, 

John  E.  Sanford,  Speaker, 
Is  Sknatk,  March  17,  1874. 

Passed  to  be  enacted,  March  19,  1874. 

Geo.  B.  Loring,  President.  Approved, 

W.  B.  Washburn. 
Secretary's  Dkpartmknt, 
Boston,  April  3,    1874. 

A  true  copy,  Attest: 

David  Pulsifer, 
Deputy  Secretary  of  the  Commonwealth. 
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CONSTITUTION 

OF  THE 

AMERICAN  ASSOCIATION  FOR  THE  ADVANCEMENT 
OF  SCIENCE. 

Incorporated  by  Act  of  the  General  Court  of  the  Commonwealth  of  Massachufietts. 


Objects. 


Article  1.  The  objects  of  the  Association  are,  by  periodical  and  mi- 
gratory meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  America,  to  give  a  stronger  and  more 
general  Impulse  and  more  systematic  direction  to  sclentiflc  research,  and 
to  procure  for  the  lalK>rs  of  scientific  men  increased  flEu;ilities  and  a  wider 
oseftilness. 

MEMBERS,  FkLLOWS,  FaTRONS  AND  HONORARY  FELLOWS. 

Art.  2.  The  Association  shall  consist  of  Members,  Fellows,  Patrons, 
and  Honorary  Fellows. 

Art.  8.  Any  person  may  become  a  Member  of  the  Association  upon 
recommendation  in  writing  by  two  members  or  fellows,  nomination  by 
the  Standing  Committee,  and  election  by  a  majority  of  the  members  and 
fellows  present  in  General  Session. 

Art.  4.  Fellows  shall  be  nominated  by  the  Standing  Committee  from 
8Qch  of  the  members  as  are  professionally  engaged  in  science,  or  have  by 
their  labors  aided  in  advancing  science.  The  election  of  fellows  shall  be 
by  ballot  and  a  majority  vote  of  the  members  and  fellows  present  in  Gen- 
eral Session. 

Art.  5.  Any  person  paying  to  the  Association  the  sum  of  one  thousand 
dollars  shall  be  classed  as  a  Patron,  and  shall  be  entitled  to  all  the 
privileges  of  a  member  and  to  all  its  publications. 

Art.  6.  Honorary  Fellows  of  the  Association,  not  exceeding  three  for 
each  section,  may  be  elected ;  the  nominations  to  be  made  by  the  Stand- 
ing Committee  and  approved  by  ballot  in  the  respective  sections  before 
election  by  ballot  in  General  Session.  Honorary  Fellows  shall  be  entitled 
to  all  the  privileges  of  fellows  and  shall  be  exempt  from  all  fees  and  as- 
sessments, and  entitled  to  all  publications  of  the  Association  issued  after 
the  date  of  their  election. 

(xxiii) 


Digitized  by 


Google 


XXlv  CONSTITUTION. 

Akt.  7.  The  name  of  any  member  or  fellow  two  years  In  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  the  Association,  provided  that 
two  notices  of  indebtedness,  at  an  intei*val  of  at  least  three  months,  shall 
have  been  given ;  and  no  such  person  shall  be  restored  until  he  has  paid 
his  arrearages  or  has  been  reelected.  The  Standing  Committee  shall 
have  power  to  exclude  from  the  Association  any  member  or  fellow,  on 
satisfactory  evidence  that  said  member  or  fellow  is  an  improper  person 
to  be  connected  with  the  Association,  or  has  in  the  estimation  of  the 
Committee  made  improper  use  of  his  membership  or  fellowship. 

Art.  8.  No  member  or  fellow  shall  take  part  in  the  organization  of,  or 
hold  office  in,  more  than  one  section  at  any  one  meeting. 

Officbrs. 

Art.  9.  The  Officers  of  the  Association  shall  be  elected  by  ballot  in 
General  Session  from  the  fellows,  and  shall  consist  of  a  President,  a 
vice  President  from  each  section,  a  Permanent  Secretary,  a  General  Sec- 
retary, an  Assistant  General  Secretary,  a  Treasurer,  and  a  Secretary  of 
each  Section ;  these,  with  the  exception  of  the  Permanent  Secretary,  shall 
be  elected  at  each  meeting  for  the  following  one,  and,  with  the  exception 
of  the  Treasurer  and  the  Permanent  Secretary,  shall  not  be  refillgible  for 
the  next  two  meetings.  The  term  of  office  of  Permanent  Secretary  shall 
be  five  years. 

Art.  10.  The  President,  or,  in  his  absence,  the  senior  Vice  President 
present,  shall  preside  at  all  General  Sessions  of  the  Association  and  at  all 
meetings  of  the  Standing  Committee.  It  shall  also  be  the  duty  of  the 
President  to  give  an  address  at  a  General  Session  of  the  Association  at  the 
meeting  following  that  over  which  he  presided. 

Art.  U.  The  Vice  Presidents  shall  be  the  chairmen  of  their  respective 
Sections,  and  of  their  Sectional  Committees,  and  it  shall  be  part  of  their 
duty  to  give  an  address,  each  before  his  own  section,  at  such  time  as  the 
Standing  Committee  shall  determine.  The  Vice  Presidents  may  appoint 
temporary  chairmen  to  preside  over  the  sessions  of  their  sections,  but 
shall  not  delegate  their  other  duties.  The  Vice  Presidents  shall  hare 
seniority  in  order  of  their  continuous  membei-ship  in  the  Association. 

Art.  12.  The  General  Secretary  shall  be  the  Secretary  of  all  General 
Sessions  of  the  Association,  and  shall  keep  a  record  of  the  business  of 
these  sessions.    He  shall  receive  the  records  fiom  the  Secretaries  of  the 
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8eetions,  which,  after  examination,  le  shall  transmit  with  his  own  records 
to  the  Permanent  Secretary  within  two  weeks  after  the  adjournment  of 
the  ineeting.  He  shall  receive  proposals  for  membership  and  bring  them 
before  the  Standing  Committee. 

Abt.  18.  The  Assistant  General  Secretary  shall  be  the  Secretary  of 
the  Standing  Committee.  He  shall  give  to  tlie  Secretary  of  each  Section 
the  titles  of  papers  assigned  to  it  by  the  Standing  Committee. 

Art.  14.  The  Permanent  Secretary  shall  be  the  executive  officer  of  the 
Association  under  the  dli*ectlon  of  the  Standing  Committee.  Ho  shall 
attend  to  all  business  not  specially  referred  to  committees  nor  otherwise 
constitutionally  provided  for.  He  shall  keep  an  account  of  all  business 
that  he  has  transacted  for  the  Association,  and  make  annually  a  general 
report  for  publication  In  the  annuol  volume  of  Proceedings.  He  shall 
attend  to  the  printing  and  distribution  of  the  annual  volume  of  Pro- 
ceedings, and  all  other  printing  ordered  by  the  Association.  He  shall 
issue  a  circular  of  Information  to  members  and  fellows  at  least  three 
months  before  each  meeting,  and  shall.  In  connection  with  the  Local 
Committee,  make  all  necessary  arrangements  for  the  meetings  of  the 
Association.  He  shall  provide  the  Secretaries  of  the  Association  with 
such  books  and  stationery  as  may  be  required  for  their  records  and  busi- 
ness, and  shall  provide  members  and  fellows  with  such  blank  forms  as 
may  be  required  for  facilitating  the  business  of  the  Association.  He  shall 
collect  all  assessments  and  admission  fees,  and  notify  members  and  fellows 
of  their  election,  and  of  any  arrearages.  He  shall  receive,  and  bring 
before  the  Standing  Committee,  the  titles  and  abstracts  of  papers  pro- 
posed to  be  read  before  the  Association.  He  shall  keep  an  account  of  all 
receipts  and  expenditures  of  the  Association,  and  report  the  same  annually 
at  the  first  meeting  of  the  Standing  Committee,  and  shall  pay  over  to  the 
Treasurer  such  unexpended  funds  as  the  Standing  Committee  may  direct. 
He  shall  receive  and  hold  In  trust  for  the  Association  all  books,  pamphlets 
and  manuscripts  belonging  to  the  Association,  and  allow  the  use  of  the 
same  under  the  provisions  of  the  Constitution  and  the  orders  of  the 
Standing  Committee.  He  shall  receive  all  communications  addressed  to 
the  Association  during  the  Interval  between  meetings,  and  properly  attend 
to  the  same.  He  shall  at  each  meeting  report  the  names  of  fellows  and 
members  who  have  died  since  the  preceding  meeting.  He  shall  be  allowed 
a  salary  which  shall  be  determined  by  the  Standing  Committee,  and  may 
MDploy  one  or  more  clerks  at  such  compensation  as  may  be  agreed  upon 
\j  the  Standing  Committee. 
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Abt.  15.  The  Treasurer  shall  inveft  the  Ainds  received  by  him  in  radi 
securities  as  may  be  directed  by  the  Standing  Committee.  He  shall 
annually  present  to  the  Standing  Committee  an  account  of  the  fUnds  in 
his  charge.  No  expenditure  of  the  principal  in  the  hands  of  the  Treas- 
urer  shall  be  made  witliout  a  unanimous  vote  of  the  Standing  Committee, 
and  no  expenditure  of  the  income  received  by  the  Treasurer  shall  be 
made  without  a  two-tliirds  vote  of  the  Standing  Committee. 

Art.  16.  The  Secretaries  of  the  Sections  shall  keep  the  records  of  their 
respective  sections,  and,  at  the  close  of  the  meeting,  give  the  same, 
including  the  records  of  subsections,  to  the  General  Secretary.  They 
shall  also  be  the  Secretaries  of  the  Sectional  Committees.  The  Secre- 
taries shall  have  seniority  in  order  of  their  continuous  membership  in  the 
Association. 

Abt.  17.  In  case  of  a  vacancy  in  the  office  of  the  President,  one  of  the 
Vice  Presidents  shall  be  elected  by  the  Standing  Committee  as  the  Presi- 
dent of  the  meeting.  Vacancies  in  the  offices  of  Vice  President,  Perma- 
nent Secretary,  General  Secretary,  Assistant  General  Secretary,  and  Treas- 
urer, shall  be  Ailed  by  nomination  of  the  Standing  Committee  and  election 
by  ballot  in  General  Session.  A  vacancy  in  the  office  of  Secretary  of  a 
Section  shall  be  filled  by  nomination  and  election  by  ballot  in  the  Section. 

Ari.  18.  The  Standing  Committee  shall  consist  of  the  past  Presidents, 
and  the  Vice  Presidents  of  the  last  meeting,  together  with  the  President, 
the  Vice  Presidents,  the  Permanent  Secretary,  the  General  Secretary,  the 
Assistant  General  Secretary,  the  Secretaries  of  the  Sections,  and  the 
Treasurer  of  the  current  meeting,  with  the  addition  of  one  fellow  elected 
from  each  Section  by  ballot  on  the  first  day  of  its  meeting.  The  members 
present  at  any  regularly  called  meeting  of  the  Committee,  provided  there 
are  at  least  five,  shall  form  a  quorum  for  the  transaction  of  business.  The 
Standing  Committee  shall  meet  on  the  day  preceding  each  annual  meeting 
of  the  Association,  and  arrange  the  programme  for  the  first  day  of  the 
sessions.  The  time  and  place  of  this  first  meeting  shall  be  designated  by 
the  Permanent  Secretary.  Unless  otherwise  agreed  upon,  regular  meet* 
ings  of  the  Committee  shall  bo  held  in  the  committee  room  at  9  o*clock, 
A.M.,  on  each  day  of  the  meeting  of  the  Association.  Special  meetings 
of  the  Committee  may  be  called  at  any  time  by  the  President.  The 
Standing  Committee  shall  be  the  board  of  supervision  of  the  Association, 
and  no  business  shall  be  transacted  by  the  Association  that  has  not  first 
been  referred  to,  or  originated  with,  the  Committee.  The  Committee 
shall  receive  and  assign  papers  to  the  respective  sections ;  examine  and. 
If  necessary,  exclude  papers ;  decide  which  papers,  discussions  and  other 
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prooeediogfl  shall  be  published,  and  have  the  general  direction  of  the 
pablicatlona  of  the  Association ;  manage  the  financial  affairs  of  the  Asso- 
ciation; arrange  the  basiness  and  programmes  for  General  Sessions; 
suggest  subjects  for  discussion,  investigation  or  reports ;  nominate  mem- 
bers and  fellows ;  and  receive  and  act  upon  all  invitations  extended  to  tlie 
Association  and  report  the  same  at  a  General  Session  of  the  Association. 
Art.  19.  The  Nominating  Committee  shall  consist  of  the  Standing 
Committee,  and  one  member  or  fellow  elected  by  each  of  the  Sec- 
tions. It  shall  be  the  duty  of  this  Committee  to  meet  at  the  call  of 
the  President  and  nominate  the  general  officers  for  the  following  meeting 
of  the  Association.  It  shall  also  be  the  duty  of  this  Committee  to  rec- 
ommend the  time  and  place  for  the  next  meeting.  The  Vice  President 
and  Secretary  of  each  Section  shall  be  recommended  to  the  Nominating 
Committee  by  a  sub-committee  consisting  of  the  Vice  President,  Sec- 
petary,  and  three  members  or  fellows  elected  by  the  Section. 

Mebtings. 

Abt.  20.  The  Association  shall  hold  a  public  meeting  annually,  for  one 
week  or  longer,  at  such  time  and  place  as  may  be  determined  by  vote  of  the 
Association,  and  the  preliminary  arrangements  for  each  meeting  shall  be 
made  by  the  Local  Committee,  In  conjunction  with  the  Permanent  Secre- 
tary and  such  other  persons  as  the  Standing  Committee  may  designate. 

Art.  21.  General  Sessions  shall  be  held  at  10  o'clock,  a.  m.,  unless 
otherwise  ordered,  on  every  day  of  the  meeting,  Sunday  excepted,  and 
at  such  other  times  as  may  be  appointed  by  the  Standing  Committee. 

Sections  and  Subsections. 

Art.  22.  The  Association  shall  be  divided  into  nine  Sections,  namely  :— 
A,  McUhematicM  and  Astronomy;  B,  Physics;  C,  Chemistry ^  including  its 
Qjpplication  to  agriculture  and  the  arts  ;  D,  Mechanical  Science  ;  E,  Geology 
and  Oeography;  F,  Biology;  G,  Histology  and  Microscopy;  H,  Anthro- 
pology; I,  Economic  Science  and  Statistics.  The  Standing  Committee 
shall  have  power  to  consolidate  any  two  or  more  Sections  temporarily,  and 
such  consolidated  Sections  shall  be  presided  over  by  the  senior  Vice 
President  and  Secretary  of  the  Sections  comprising  it. 

Art.  28.  Immediately  on  the  organization  of  a  Section  there  shall  be 
three  fellows  elected  by  ballot  after  open  nomination,  who,  with  the  Vice 
President  and  Secretary,  shall  form  its  Sectional  Committee.  The  Sec- 
tional Committees  shall  have  power  to  fill  vacancies  in  their  own  numbers. 
Meetings  of  the  Sections  shall  not  be  held  at  the  same  time  with  a  General 
Session. 
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Abt.  24.  The  Sectional  Committee  of  any  Section  may  at  its  pleasora 
form  one  or  more  temporary  Sabsections,  and  may  designate  the  officers 
thereof.  The  Secretary  of  a  Subsection  sliall,  at  the  close  of  the  meeting, 
transmit  his  records  to  the  Secretary  of  the  Section. 

Art.  26.  A  paper  shall  not  be  read  In  any  Section  nor  Subsection  nntll 
it  has  been  received  from  the  Standing  Committee  and  placed  on  the 
programme  of  the  day  by  the  Sectional  Committee. 

Sectional  Committees. 

Art.  26.  The  Sectional  Committees  shall  arrange  and  direct  the  busi- 
ness of  their  respective  Sections.  They  shall  prepare  the  dally  pro- 
grammes and  give  them  to  the  Permanent  Secretary  for  printing  at  the 
earliest  moment  practicable.  No  titles  of  papers  shall  be  entered  on  the 
daily  programmes  except  such  as  have  passed  the  Standing  Committee. 
No  change  shall  be  made  In  the  programme  for  the  day  in  a  Section  with- 
out the  consent  of  the  Sectional  Committee.  The  Sectional  Committees 
may  refuse  to  place  the  title  of  any  paper  on  the  programme ;  but  every 
such  title,  with  the  abstract  of  the  paper  or  the  paper  Itself,  must  be  re- 
turned to  the  Standing  Committee  with  the  reasons  why  It  was  reftised. 

Art.  27.  The  Sectional  Committees  shall  examine  all  papers  and  ab- 
stracts referred  to  the  sections,  and  they  shall  not  place  on  the  pro- 
gramme any  paper  inconsistent  with  the  character  of  the  Association ; 
and  to  this  end  they  have  power  to  call  for  any  paper,  the  character  of 
which  may  not  be  sufficiently  understood  from  the  abstract  submitted. 

Papers  and  Communications. 

Art.  28.  All  members  and  fellows  must  forward  to  the  Permanent 
Secretary,  as  early  as  possible,  and  when  practicable  before  the  conven- 
ing of  the  Association,  full  titles  of  all  the  papers  which  they  propose  to 
present  during  the  meeting,  with  a  statement  of  the  time  that  each  will 
occupy  in  delivery,  and  also  such  abstracts  of  their  contents  as  will  give 
a  general  idea  of  their  nature ;  and  no  title  shall  be  referred  by  the 
Standing  Committee  to  the  Sectional  Committee  until  an  abstract  of  the 
paper  or  the  paper  itself  has  been  received. 

Art.  29.  If  the  author  of  any  paper  be  not  ready  at  the  time  assigned, 
the  title  may  be  dropped  to  the  botton:  of  the  list. 

Art.  80.  Whenever  practicable,  the  proceedings  and  discnsslons  at 
General  Sessions,  Sections  and  Subsections  shall  be  reported  by  profes- 
sional reporters,  but  such  reports  shall  not  appear  In  print  as  the  official 
reports  of  the  Association  unless  revised  by  the  Secretaries. 
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PrINTBD  FB0CE1EDIN06. 

Abt.  81.  The  Permanent  Secretary  shall  have  the  Proceedings  of  each 
meeting  printed  In  an  octavo  volamoas  soon  after  the  meeting  as  possible, 
beginning  one  month  after  adjoamment.  Authors  mast  prepare  their 
papers  or  abstracts  ready  for  the  press  and  forward  them  to  the  Perma- 
nent Secretary  within  this  interral,  otherwise  only  the  abstracts  or  titles 
tal^en  fk-om  the  **  title  blanlcs"  will  appear  In  the  printed  volume.  The 
Standing  Committee  shall  have  power  to  order  the  printing  of  any  paper 
by  abstract  or  title  only.  Whenever  practicable,  proofs  shall  be  for- 
warded to  authors  for  revision.  If  any  additions  or  substantial  altera- 
tions are  made  by  the  author  of  a  paper  after  Its  submission  to  the  Secre- 
tary, the  same  shall  be  distinctly  Indicated.  Illustrations  must  be  pro- 
vided for  by  the  authors  of  the  papers,  or  by  a  special  appropriation  ftrom  the 
Standing  Committee.  Immediately  on  publication  of  the  volume,  a  copy 
shall  be  forwarded  to  every  member  and  fellow  of  the  Association  who  shall 
have  paid  the  assessment  for  the  meeting  to  which  it  relates,  and  it  shall 
also  be  oifered  for  sale  by  the  Permanent  Secretary  at  such  price  as  may 
be  determined  by  the  Standing  Committee.  The  Standing  Committee  shall 
also  designate  the  Institutions  to  which  copies  shall  be  distributed. 

Local  CoMMrrrKB. 

Art.  82.  The  Local  Committee  shall  consist  of  persons  interested  In 
the  objects  of  the  Association  and  residing  at  or  near  the  place  of  the 
proposed  meeting.  It  is  expected  that  the  Local  Committee,  assisted  by 
the  ofScers  of  the  Association,  will  make  all  essential  arrangements  for 
the  meeting,  and  Issue  a  circular  giving  necessary  particulars,  at  least 
one  month  before  the  meeting. 

Library  of  the  Association. 

Art.  88.  All  books  and  pamphlets  received  by  the  Association  shall  be 
in  the  charge  of  the  Permanent  Secretary,  who  shall  have  a  list  of  the 
tame  printed  and  shall  fhmlsh  a  copy  to  any  member  or  fellow  on  appli- 
cation. Members  and  fellows  who  have  paid  their  assessments  In  fhll 
•hall  be  allowed  to  call  for  books  and  pamphlets,  which  shall  be  delivered 
to  them  at  their  expense,  on  their  giving  a  receipt  agreeing  to  make 
good  any  loss  or  damage  and  to  return  the  same  tree  of  expense  to  the 
Secretary  at  the  time  specified  in  the  receipt  given.  All  books  and  pam- 
phlets In  circalatlon  must  be  returned  at  each  meeting.  Not  more  than 
five  books,  including  volumes,  parts  of  volumes,  and  pamphlets,  shall  be 
held  at  one  time  by  any  member  or  fellow.  Any  book  may  be  withheld 
from  circulation  by  order  of  the  Standing  Committee. 
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Admission  Veb  and  Assessbients. 

Abt.  84.  The  admission  fee  for  members  shall  be  five  dollars  in  addi- 
tion to  the  annual  assessment.  On  the  election  of  ajiy  member  as  a 
fellow  an  additional  fee  of  two  dollars  shall  be  paid. 

Art.  85.  The  annnal  assessment  for  members  and  fellows  shall  be 
three  dollars. 

Art.  86.  Any  member  or  fellow  who  shall  pay  the  snm  of  fifty  dollars 
to  the  Association,  at  any  one  time,  shall  become  a  Life  Member  and 
as  such  shall  be  exempt  from  all  further  assessiSents,  and  shall  be  entitled 
to  the  Proceedings  of  the  Association.  All  money  thus  received  shall 
be  invested  as  a  permanent  fund,  the  income  of  which  shall  be  used 
only  to  assist  in  original  research,  unless  otherwise  directed  by  unani- 
mous vote  of  the  Standing  Committee. 

Art.  87.  All  admission  fees  and  assessments  must  be  paid  to  the  Per- 
manent Secretary,  who  shall  give  proper  receipts  for  the  same. 

Accounts. 
Art.  88.    The  accounts  of  the  Permanent  Secretary  and  of  the  Treas- 
lu^r  shall  be  audited  annually,  by  Auditors  appointed  by  the  Standing 
Committee. 

Altrrations  of  the  Constitution. 
Art.  89.    No  part  of  this  Constitution  shall  be  amended  or  annulled, 
without  the  concurrence  of  three-fourths  of  the  members  and  fellows 
present  in  General  Session,  after  notice  given  at  a  General  Session  of  a 
preceding  meeting  of  the  Association. 


ORDER  OF  PROCEEDINGS  IN  ORGANIZING  A  IfEETING. 

1.  The  retiring  President  introdnoes  the  Preeident  elect,  who  takes  the  chair. 

2.  Formalities  of  welcome  of  the  ABsociatlon  as  may  be  arranged  by  the  Local 
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shall  be  omitted  from  the  list,  but  their  names  will  bo  restored  on  payment  of  ar- 
rearages. Members  not  in  arrears  are  entitled  to  the  annual  volume  of  Proceedings 
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Collins,  Frederick,  Washington,  D.  C.  (28).    Bom  Dec.  6,  1842.    Died 

Oct.  27,  1881. 
Conrad,  Timothy  Abbott,  Philadelphia,  Pa.  (1).    Bom  in  August,  1803. 

Died  August  9,  1877. 
Cooke,  Caleb,  Salem,  Mass.  (18).  Bom  Feb.  15,  1838.  Died  June  5,  1880. 
Cooper,  William,  Hoboken,  N.  J.  (9).    Died  In  1864. 
Coming,  Erastus,  Albany,  N.  Y.  (0).    Born  Dec.  14,  1794.    Died  April  9, 

1872. 
Coupe r,  James  Hamilton,  Darien,  Ga.  (1).     Bom  March  5,  1794.    Died 

July  3,  1866. 
Cramp,  J.  M.,  Wolfville,  N.  S.  (11).    Bom  July  25,  1796.    Died  Dec.  6, 

1881. 
Crocker,  Charles  F.,  Lawrence,  Mass.  (22).    Died  in  July,  1881. 
Crosby,  Alpheus,  Salem,  Mass.  (10).    Born  Oct.  13,  1810.    Died  Apr.  17, 

1874. 
Crosby,  Thomas  R.,  Hanover,  N.  H.  (18).    Born  Oct.  22,  1816.    Died 

March  1,  1872. 
Croswell,  Edwin,  Albany,  N.  Y.  (6).    Bom  In  May,  1797.    Died  June  13, 
Curry,  W.  F.,  Geneva,  N.  Y.  (11).  [1871. 

Curtis,  Josiah,  Washington,  D.  C.  (18).    Died  Aug.  1,  1883. 

Dalrymple,  E.  A.,  Baltimore,  Md.  (U).    Died  Oct.  80, 1881. 

Dayton,  Edwin  A.,  Madrid,  N.  Y.  (7).    Born  in  1827.   Died  June  24,  1873. 

Dean,  Amos,  Albany,  N.  Y.  (6).    Born  Jan.  16,  1803.    Died  Jan.  26,  1868. 

Dearborn,  George  H.  A.  S.,  Roxbury,  Mass.  (1). 

Dekay,  James  E.,  New  York,N.  Y.  (1).  Bom  in  1792.  DiedNov.  21, 1851. 

DcLaskl,  John,  Carver's  Harbor,  Me.  (18). 

Dewey,  Chester,  Rochester,  N.  Y.  (1).   Born  Oct.  26, 1781.   Died  Dec  15, 

Dexter,  G.  M.,  Boston,  Mass.  (11).  [1867. 

Dillingham,  W.  A.  P.,  Augusta,  Me.  (17). 

Doggett,  Wm.  E.,  Chicago,  111.  (17).    Born  Nov.  20,  1820.    Died  In  1876. 

Doolittle,  L.,  Lenoxvllle,  C.  E.  (11).    Died  in  1862. 

Dorr,  E.  P.,  Buffalo,  N.  Y.  (25).    Died  March  28,  1881. 

Draper,  Henry,  New  York,  N.  Y.  (28). 

Ducatcl,  J.  T.,  Baltimore,  Md.  (1). 

Duffleld,  George,  Detroit,  Mich.  (10).    Born  July  4,  1794.    Died  Jane  26, 

1869. 
Dumont,  A.  H.,  Newport,  R.  I.  (14). 

Duncan,  Lucius  C,  New  Orleans,  La.  (10).     Died  Aug.  9,  1855,  aged  64. 
Dunn,  R.  P.,  Providence,  R.  L  (14). 
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Easton,  Norman,  FaU  River,  Mass.  (14).    Died  Dec.  21,  1872. 

Eaton,  James  H.,  Beloit,  Wis.  (17).    Died  Jan,  6, 1877. 

Ely,  Charles  Arthur,  Elyria,  Ohio  (4). 

Emerson,  Geo.  B.,  Boston,  Mass.  (1).  Bom  Sept.  12, 1797.    Died  March 

4,  1881. 
Emmons,  Ebenezer,  Williamstown,  Mass.  (1).    Born  May  16,  1799.    Died 

October  1,  1863. 
Eogstrom,  A.  B.,  Burlington,  N.  J.  (1). 
Eferett,  Edward,  Boston,  Mass.  (2).    Born  April  11, 1794.    Died  Jan.  15, 

1865. 
Ewing,  Thomas,  Lancaster,  Ohio  (5).    Born  Dec.  28,  1789.    Died  Oct.  26. 

1871. 

Faries,  R.  J.,  Wauwatosa,  Wis.  (21).    Died  May  31,  1878. 

Ferris,  Isaac,  New  York,  N.  Y.  (6).     Born  Oct.  9,  1798.    Died  June  16 

1873. 
Feachtwanger,  Lewis,  New  York,  N.  Y.  (11).    Died  In  1876. 
FiUmore,  Millard,  Buffhlo,  N.  Y.  (7).    Born  Jan.  7,  1800.    Died  March  8, 
Fisher,  Mark,  Trenton,  N.  J.  (10).  [1874. 

Fitch,  Alexander,  Hartford,  Conn.  (1).    Born  March  26,  1799.    Died  Jan. 

20,  1859. 
Fitch,  O.  H.,  Ashtabula,  Ohio  (7).    Died  Sept.  17,  1882,  in  his  80th  year. 
Forbush,  E.  B.,  Buffalo,  N.  Y.  (15). 
Force,  Peter,  Washington,  D.  C.  (4).    Born  Nov.  26,  1790.    Died  Jan.  28$ 

1868. 
Ford,  A.  C,  Nashville,  Tenn.  (26). 

Forshey,  Caleb  G.,  New  Orleans,  La.  (21).    Died  in  Aug.,  1881. 
Foster,  John  W.,  Chicago,  111.  (1).    Born  March  4,  1815.    Died  June  29, 

1878. 
Foacon,  Felix,  Madison,  Wis.  (18). 

Fowle,  Wm.  B.,  Boston,  Mass.  (1).    Born  Oct.  17,  1795.    Died  Feb.  6, 
Fox,  Charles,  Grosse  He,  Mich.  (7).  [1865. 

Frazer,  John  F.,  Philadelphia,  Pa.  (1).    Bom  July  8,  1812.    Died  Oct.  14, 
French,  J.  W.,  West  Point,  N.  Y.  (11).  [1872. 

Garber,  A.  P.,  Columbia,  Pa.  (29).    Died  Aug.  26,  1881. 

Gavit,  John  E.,  New  York,  N.  Y.  (1). 

Gay,  Martin,  Boston,  Mass.  (1).    Died  Jan.  12,  1850,  aged  46. 

Gibbon,  J.  H.,  Charlotte,  N.  C.  (3). 

GUlesple,  W.  M.,  Schenectady,  N.  Y.  (10).    Born  In  1816.     Died  Jan'y  1, 

1868. 
Gilmor,  Robert,  Baltimore,  Md.  (1). 

Glazier,  W.  W.,  Key  West,  Fla.  (29).  Died  Dec.  11,  1880. 
Goldmark,  J.,  New  York,  N.  Y.  (29).  Died  In  April,  1882. 
Gould,  Augustus  A.,  Boston,  Mass.  (11).    Born  April  23,  1805.     Died 

Sept.  15,  1866. 
Gould,  B.  A.,  Boston,  Mass.  (2).  Bom  June  15,  1787.  Died  Oct.  24, 1859 
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Graham,  James  D.,  Washington,  D.  C.  (1).    Born  in  1799.  Died  Dec  28, 

1866. 
Gray,  Alonzo,  Brooklyn,  N.  Y.  (18).    Born  In  1808.  Died  March  10,  1860. 
Gray,  James  H.,  Springfield,  Mass.  (6). 

Greene,  Benjamin  D.,  Boston,  Mass.  (1).    Died  Oct.  14,  1862,  aged  68. 
Greene,  Everett  W.,  Madison,  N.  J.  (10).    Died  in  1864. 
Greene,  Samuel,  Woonsocket,  B.  I.  (9).    Died  in  1868. 
Greer,  James,  Dayton,  Ohio  (20). 
Griffith,  Robert  £.,  Philadelphia,  Pa.  (1). 

Griswold,  John  A.,  Troy,  N.  Y.  (19).    Born  In  1822.    Died  Oct.  81,  1872. 
Guest,  William  £.,  Ogdensbnrg,  N.  Y.  (6). 

Hackley,  Charles  W.,  New  York,  N.  Y.  (4).    Bom  March  9,  1809.    Died 

January  10,  1861. 
Hadley,  George,  Buflhlo,  N.  Y.  (6).    Bom  June,  1818.  Died  Oct.  16,  1877. 
Haldeman,  S.  S.,  Chickies,  Pa.  (1).    Died  Sept.  10,  1880,  aged  68. 
Hale,  Enoch,  Boston,  Mass.  (1).    Bom  Jan.  29, 1790.  Died  Nov.  12, 1848. 
Hance,  Ebenezer,  Fallsington  P.  O.,  Pa.  (7).    Died  in  1876. 
Hare,  Robert,  Philadelphia,  Pa.  (1).     Born  Jan.  17, 1781.     Died  May  16, 

1868. 
Harlan,  Joseph  G.,  Haverford,  Pa.  (8). 
Harlan,  Richard,  Philadelphia,  Pa.  (1). 
Harris,  Thaddeus  W.,  Cambridge,  Mass.  (1).    Bora  Nov.  12,  1796.    Died 

Jan.  16,  1866. 
Harrison,  A.  M.,  Plymouth,  Mass.  (29). 
Harrison,  Jos.,  Jr.,  Philadelphia,  Pa.  (12). 

Hart,  Simeon,  Farmlngton,  Conn.  (1).    Died  April  20,  1868,  aged  67. 
Hartt,  Charles  P.,  Ithaca,  N.  Y.  (18).    Born  In  1840.  Died  March  18,  1878. 
Haven,  Joseph,  Chicago,  111.  (17).   Born  Jan.  4.  1816.  Died  May  23, 1874. 
Hawes,  George  W.,  Washington,  D.  C.  (23).    Born  Dec.  31,  1848.    Died 

June  22,  1882. 
Hayden,  H.  H.,  Baltimore,  Md.  (1). 

Hay  ward,  James,  Boston,  Mass.  (1).    Died  July  27,  1866,  aged  80. 
Hempstead,  G.  S.  B.,  Portsmouth,  Ohio  (29).    Died  July  9,  1883,  in  his 

89th  year. 
Henry,  Jos.,  Washington,  D.  C.  (1).  Born  Dec.  17, 1797.  Died  May  18, 1878 
Hickox,  8.  V.  B.,  Chicago,  HI.  (17).    Died  In  1872.  [1875. 

Hllgard,  Theo.  C,  St.  Louis,  Mo.  (17).    Born  Feb.  28, 1828.  DiedMch.  6, 
Hlncks,  William,  Toronto,  C.  W.  (11). 
Hitchcock,  Edward,  Amhei-st,  Mass.  (1).    Born  May  21, 1798.    Died  Feb. 

27,  1864. 
Hodgson,  W.  B.,  Savannah,  Ga.  (10).     Born  1815. 
Holbrook,  John  E.,  Charleston,  S.  C.  (1).     Born  Dec.  81,  1796.    Died 

Sept.  8,  1871. 
Hopkins,  Albert,  Willlamstown,  Mass.  (19).     Born  July  14,  1807.    Died 

May  25, 1872. 
Hopkins,  James  G.,  Ogdensbnrg,  N.  Y.  (10).    Died  in  1860. 
Hopkins,  T.  O.,  Wllllamsville,  N.  Y.  (10).    Died  In  18G6. 
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HopkiAS,  Wm.,  Lima,  N.  T.  (5.)    Died  in  March,  1867. 

Horton,  C.  V.  R.,  Chaamont,  N.  Y.  (10).    Died  in  1362. 

Horton,  William,  Craigville,  N.  Y.  (1). 

Hosford,  BenJ.  F.,  Haverhill,  Mass.  (13).    Died  in  1864. 

Houghton,  Donglas,  Detroit,  Mich.   (1).    Born  Sept.  21,  1809.    Died 

Oct.  13,  1845. 
HoTey,  Edmnnd  O.,  Crawfordsville,  Ind.  (20).    Bom  Jnly  15, 1801.   Died 

March  10,  1877. 
Howland,  Theodore,  Boflfklo,  N.  Y.  (15). 

Habbert,  James,  Richmond,  Province  of  Quebec  (16).    Died  in  1868. 
Hunt,  Edward  B.,  Washington,  D.  C.  (2).     Bom  Jane  15,  1822.    Died 

Oct.  2,  1863. 
Hint,  Freeman,  New  York,  N.  Y.  (11).    Bom  March  21,  1804.    Died 

March  2,  1858. 

Ires,  Moses  B.,  Providence,  R.  I.  (9).    Died  in  1857. 
Ives,  Thomas  P.,  Providence,  R.  I.  (10). 

Jackson,  Charles  T.,  Boston,  Mass.   (1).    Bom  Jane  21,  1805.    Died 

Aug.  29,  1880. 
James,  Thomas  Potts,  Cambridge,  Mass.  (22).    Bora  Sept.  1, 1803.    Died 

Feb.  22,  1882. 
Johnson,  Walter  R.,  Washington,  D.  C.  (1).     Bom  June  21, 1794.     Died 

AprU  26,  1852. 
Johnson,  William  Schuyler,  Washington,  D.  C.  (81).     Bora  Sept.  20, 

1859.    Died  Oct.  6, 1883. 
Jones,  Catesby  A.  R.,  Washington,  D.  C.  (8). 
Jones,  James  H.,  Boston,  Mass.  (28). 

Kedxie,  W.  K.,  Oberlin,  Ohio  (25). 

Keeiy,  George  W.,  WaterviUe,  Me.  (1).    Died  in  1878. 

Keep,  N.  C,  Boston,  Mass.  (13).    Died  in  1875. 

Keanicott,  Robert,  West  Northfleld,  III.  (12).    Born  Nov.  13,  1835.    Died 

in  1866. 
King,  Mitchell,  Charleston,  S.  C.  (3).    Born  Jane  8,  1783.    Died  in  1862. 
Klippart,  John  H.,  Columbus,  Ohio  (17).    Died  October,  1878. 
Knickerbocker,  Charles,  Chicago,  111.  (17).    Died  in  1873. 
Knight,  J.  B.,  Philadelphia,  Pa.  (21).    Died  March  10, 1879. 

Lacklan,  R.,  Cincinnati,  Ohio  (11). 

Lapham,  Increase  A.,  Milwaukee,  Wis.  (3).    Born  Mch.  7,  1811.    Died 
LaBoche,  R.,  Philadelphia,  Pa.  (12).  [Sept.  14,  1875. 

Lasel,  Edward,  Williamstown,  Mass.  (1).    Bora  Jan.  21,  1809.    Died  in 

1852. 
Lawford,  Frederick,  Montreal,  Canada  (11).    Died  in  1866. 
Le  Conte,  John  L.,  Philadelphia,  Pa.  (1).    Died  Nov.  15,  1883. 
lederer.  Baron  von,  Washington,  D.  C.  (1). 

Lieber,  Oscar  M.,  Columbia,  S.  C.  (8).    Bora  Sept.  8,  1830.    Died  June 
Lincklacn,  Ledyard,  Cazenovia,  N.  Y.  (1).  [27,  1862. 
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Llnsley,  James  H.,  Stafford,  Conn.  (1).    Born  May  5, 1787.  Died  Dec  26, 

1848. 
Lockwood,  Moses  B.,  Providence,  U.  I.  (9).    Died  In  1872. 
Logan,  William  E.,  Montreal,  Canada  (1).     Born  April  23,  1798.    Died 

Jane  22, 1875. 
Loosey,  Charles  F.,  New  York,  N.  Y.  (12). 

Lothrop,  Joshaa  R.,  Boffalo,  N.  Y.  (15).  [24, 1873. 

Lyon,  Sidney  S.,  Jeffersonville,  Ind.  (20).    Born  Aug.  4,  1808.  Died  June 

Maack,  G.  A.,  Cambridge,  Mass.  (18).  [16, 1871. 

Mahan,  Dennis  H.,  West  Point,  N.  Y.  (9).    Born  April  2, 1802.    Died  Sept 

Marsh,  Dexter,  Greenfield,  Mass.  (1). 

Marsh,  James  E.,  Roxbury,  Mass.  (10).  [27, 1869 

Mather,  William  W.,  Columbus,  Ohio  (1).    Born  May  24, 1804.    Died  Feb 

Maude,  John  B.,  St.  Louis,  Mo.  (27).    Died  In  April,  1879. 

Maupln,  S.,  Charlottesville,  Va.  (10). 

Sl'Conihe,  Isaac,  Troy,  N.  Y.  (5). 

McFadden,  Thomas,  Westerville,  Ohio.  (30).    Born  Not.  9,  1825.    Died 

Nov.  9, 1883. 
McMahon,  Mathew,  Albany,  N.  Y.  (11). 
Meade,  George  G.,  Philadelphia,  Pa.  (15).     Born  Dec.  30,  1815.    Died 

Nov.  6, 1872. 
Meek,  F.  B.,  Washington,  D.  C.  (6).    Bom  December  10,  1817.    Died 

December  21,  1876. 
Meigs,  James  Aitkeu,  Philadelphia,  Pa.  (12).    Born  July  30,  1829.    Died 

Nov.  9,  1879. 
Minifie,  William,  Baltimore,  Md.  (12).    Bom  in  1805.  Died  Oct.  24, 1880. 
Mitchel,  O.  M.,  Cincinnati,  Ohio  (3).    Born  Aug.  28,  1810.    Died  Oct.  30, 

1862. 
Mitchell,  William,  Poughkeepsie,  N.  Y.  (2).    Died  April  2,  1869,  aged  76. 
Mitchell,  Wm.  H.,  Florence,  Ala.  (17). 
Morgan,  Lewis  U.,  Rochester,  N.  Y.  (10).    Born  Nov.  21,  1818.    Died 

Dec.  17,  1881. 
Morris,  John  B.,  Nashville,  Tenn.  (26). 
Morton,  Samuel  G.,  Philadelphia,  Pa.  (1).     Born  Jan.  26,  1799.     Died 

May  15,  1851. 
Mudge,  Benjamin  F.,  Manhattan,  Kansas  (25).  Born  Aug.  11, 1817.    Died 

Nov.  21,  1879,  aged  62. 
Munroe,  Nathan,  Bradford,  Mass.  (6).    Bom  May  16,  1804.    Died  July  8, 
Munroe,  William,  Concord,  Mass.  (18).     Died  April  27,  1877.  [1866. 

Musscy,  William  H.,  Cincinnati,  Ohio  (30).     Born  Sept.  13,  1818.     Died 

Aug.  1,  1882. 

Newland,  John,  Saratoga  Springs,  N.  Y.  (28).    Died  Jan.  18,  1880. 
Newton,  E.  H.,  Cambridge,  N.  Y.  (1). 

Nichols,  Charles  A.,  Providence,  R.  L  (17).    Bora  Jan.  4,  1826.     Died 
Oct.  20,  1877. 
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Kicholson,  Thomas,  New  Orleans,  La.  (21). 

NicoUett,  Jean  N.,  Washington,  D.  C.  (1).     Bom  July  24,  1786.    Died 

Sept.  11,  1843. 
Norton,  John  P.,  New  Haven,  Conn.  (1).  Bom  in  July,  1822.  Died  Sept. 

5,  1852. 
Noyes,  J.  O.,  New  Orleans,  La.  (21). 
Xatt,  Cyras,  Bloomington,  Ind.  (20).    Died  in  1875. 

Otkes,  Wm.,  Ipswich,  Mass.  (1).    Born  July  1,  1799.    Died  July  81, 1848. 
Ogden,  Robert  W.,  New  Orleans,  La.  (21).    Died  March  24,  1878. 
Ogden,  William  B.,  High  Bridge,  Westchester  Co.,  N.  Y.  (17).    Born  in 

1805.     Died  Aug.  3,  1877. 
Olmsted,  Alexander  F.,  New  Haven,  Conn.   (4).    Bom  Dec.  20,  1822. 

Died  May  6,  1858. 
Olmsted,  Denison,  New  Haven,  Conn.  (1).     Born  June  18,  1791.    Died 

May  13,  1859. 
Olmsted,  Denison,  Jr.,  New  Haven,  Conn.  (1).  Born  Fob.  16,  1824.  Died 

Aug.  15,  1846. 
Otis,  George  Alexander,  Washington,  D.  C.  (10).    Bora  Nov.  12,  1830. 

Died  Feb.  23,  1881. 

Painter,  Jacob,  Lima,  Pa.  (23).    Died  in  1876. 

Painter,  Minsball,  Lima,  Pa.  (7). 

Parker,  Wilbur  F.,  West  Meriden,  Conn.  (23).    Died  In  1876. 

Parkman,  Samuel,  Boston,  Mass.  (1).     Died  Dec.  15,  1854,  aged  38. 

Payn,  Charles  H.,  Saratoga  Springs,  N.  Y.  (28).    Born  May  16,  1814. 

Died  Dec.  20,  1881. 
Pelrce,  B.  C,  Beverly,  Mass.  (18).    Died  Nov.  12,  1883,  aged  71  years. 
Peirce,  Benjamin,  Cambridge,  Mass.   (1).    Born  April  4,  1809.    Died 

Oct.  6,  1880. 
Perkins,  George  R.,  Utica,  N.  Y.  (1).    Born  May  3,  1812.    Died  Aug.  22, 

1876. 
Perkins,  Henry  C,  Newburyport,  Mass.  (18).    Bom  Nov.  13, 1804.    Died 

Feb.  2,  1873. 
Perry,  John  B.,  Cambridge,  Mass.  (16).    Died  Oct.  3,  1872,  aged  52. 
Perry,  M.  C,  New  York,  N.  Y.  (10). 
PIggot,  A.  Snowden,  Baltimore,  Md.  (10). 

Plamb,  Ovid,  Salisbury,  Conn.  (9).  [1870. 

Pope,  Charles  A.,  St.  Louis,  Mo.  (12).    Born  May  15,  1818.    Died  July  6, 
Porter,  John  A.,  New  Haven,  Conn.  (14).     Born  March  15, 1822.    Died 

Aug.  25,  18C6. 
Ponrtal^,  Louis  Frangols  de,  Cambridge,  Mass.  (1).    Born  In  1822.  Died 

July  18,  1880. 
Prnyn,  John  V.  L.,  Albany,  N.  Y.  (1).    Born  June  22, 1811.    Died  Nov.  21, 

1877. 
Pugh,  Evan,  Centre  Co.,  Pa.  (14). 
Putnam,  Mrs.  F.  W.,  Cambridge,  Mass.  (19).    Born  Dec.  29,  1838.    Died 

March  10,  1879. 


Digitized  by 


Google 


IxXXViii  DBCBiJBKD  MSMBBB8. 

Patnam,  J.  Duncan,  Davenport,  Iowa.  (27).    Bom  Oct.  18,  1855.    Died 
Dec.  10, 1881. 

Bead,  Ezra,  Terre  Haute,  Ind.  (20).    Died  in  1877. 

Bedfleld,  William  C,  New  York,  N.  Y.  (1).    Born  March  2G,  1789.     Died 

Feb.  12,  1857. 
Resor,  Jacob,  Cincinnati,  Ohio  (8).    Died  in  1871. 
Bobb,  James,  Fredericton,  N.  B.  (4). 
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J.  W.  DAWSON,  LL.D., 

THE   RETIRING   PRESIDENT   OP  THE   ASSOCIATION. 


ON  SOME  UNSOLVED  FEOBLEMS  IN  GEOLOGY. 


Ladies  and  Gentlemen  of  the  American  Association  for  the 
Advancement  of  Science: — 

My  predecessor  in  office  remarked  in  the  opening  of  bis  address 
that  two  courses  are  open  to  the  retiring  president  of  this  Association 
in  preparing  the  annual  presidential  discourse.  He  may  either 
take  up  some  topic  relating  to  his  own  specialt}^  or  he  may  deal 
with  various  or  general  matters  relating  to  science  and  its  progress. 
A  geologist,  however,  is  not  necessarily  tied  up  to  one  or  the  other 
alternative.  His  subject  covers  the  whole  history  of  the  earth  in 
time.  At  the  beginning  it  allies  itself  with  astronomy  and  physics 
and  celestial  chemistry.  *  At  the  end  it  runs  into  human  histoiy 
and  is  mixed  up  with  archaeology  and  anthropology.  Throughout 
its  whole  course  it  has  to  deal  with  questions  of  meteorology, 
geography  and  biology.  In  short,  there  is  no  department  of 
physical  or  biological  science,  with  which  geology  is  not  allied,  or  at 
least  on  which  the  geologist  may  not  presume  to  trespass.  When, 
therefore,  I  announce  as  my  subject  on  the  present  occasion  some 
of  the  unsolved  problems  of  this  universal  science,  you  need  not 
be  surprised  if  I  should  be  somewhat  discursive. 

Perhaps  I  shall  begin  at  the  utmost  limits  of  my  subject  by 
remarking  that  in  matters  of  natural  and  physical  science,  we  are 
met  at  the  outset  with  the  scarcely  solved  question  as  to  our  own 
place  in  the  nature  which  we  study,  and  the  bearing  of  this  on  the 
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difficulties  we  encounter.  The  organism  of  man  is  decidedly  a 
part  of  nature.  We  place  ourselves,  in  this  asi^ect,  in  the  sub- 
kingdom  vertebrata  andclass  mammalia,  and  recognize  the  fact  that 
man  is  the  terminal  link  in  a  chain  of  being,  extending  throughout 
geological  time.  But  the  organism  is  not  all  of  man,  and  when  we 
regard  man  as  a  scientific  animal,  we  raise  a  new  question.  If 
the  human  mind  is  a  part  of  nature  then  it  is  subject  to  natural 
law,  and  nature  includes  mind  as  well  as  matter.  On  the  other 
hand,  without  being  absolute  idealists  we  may  hold  that  mind  is 
more  potent  than  matter,  and  nearer  to  the  real  essence  of  things. 
Our  science  is  in  any  case  necessarily  dualistic,  being  the  product 
of  the  reaction  of  mind  on  nature,  and  must  be  largely  subjective 
and  anthropomorphic.  Hence,  no  doubt,  arise  much  of  the  contro- 
versy of  science  and  much  of  the  unsolved  difficulty.  We  recognize 
this  when  we  divide  science  into  that  which  is  experimental  or  de- 
pends on  apparatus,  and  that  which  is  observational  and  classifi- 
catory  —  distinctions  these  which  relate  not  so  much  to  the  objects 
of  science  as  to  our  methods  of  pursuing  them.  This  view  also 
opens  up  to  us  the  thought  that  the  domain  of  science  is  practically 
boundless,  for  who  can  set  limits  to  the  action  of  mind  on  the 
universe  or  of  the  universe  on  mind.  It  follows  that  science  must 
be  limited  on  all  sides  by  unsolved  mysteries;  and  it  will  not  serve 
any  good  purpose  to  meet  these  with  clever  guessesi  If  we  so 
treat  the  enigmas  of  the  sphinx  nature,  we  shall  surely  be  de- 
voured. Nor,  on  the  other  hand,  must  we  collapse  into  absolute 
despair  and  resign  ourselves  to  the  confession  of  inevitable  igno- 
rance. It  becomes  us  rather  boldly  to  confront  the  unsolved  ques- 
tions of  nature,  and  to  wrestle  with  their  difficulties  till  we  master 
such  as  we  can,  and  cheerfully  leave  those  we  cannot  overcome  to 
be  grappled  with  by  our  successors. 

Fortunately,  as  a  geologist,  I  do  not  need  to  invite  your  atten- 
tion to  those  transcendental  questions  which  relate  to  the  ultimate 
constitution  of  matter,  the  nature  of  the  ethereal  medium  filling 
space,  the  absolute  difference  or  identity  of  chemical  elements, 
the  cause  of  gravitation,  the  conservation  and  dissipation  of  en- 
ergy, the  nature  of  life,  or  the  primary  origin  of  bioplasmic  matter. 
I  may  take  the  much  more  humble  role  of  an  inquirer  into  the 
unsolved  or  partially  solved  problems  which  meet  us  in  consider- 
itig  that  short  and  imperfect  record  which  geology  studies  in  the 
rocky  layers  of  the  earth's  crust,  and  which  leads  no  farther  back 
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than  to  the  time  when  a  solid  rind  had  aheady  formed  on  the 
earth  and  was  already  covered  with  an  ocean.  This  record  of 
geology  covers  but  a  small  part  of  the  history  of  the  earth  and 
of  the  system  to  which  it  belongs,  nor  does  it  enter  at  all  into  the 
more  recondite  problems  involved  ;  still  it  foims,  I  believe,  some 
necessary  preparation  at  least  to  the  comprehension  of  these. 

What  do  we  know  of  the  oldest  and  most  primitive  rocks  ?  At 
this  moment  the  question  may  be  answered  in  many  and  discor- 
dant ways  ;  yet  the  leading  elements  of  the  answer  may  be  given 
very  simply.  The  oldest  rock  formation  known  to  geologists  is 
the  Lower  Laurentian,  the  fundamental  gneiss,  the  Lewisian  for- 
mation of  Scotland,  the  Ottawa  gneiss  of  Canada.  This  forma- 
tion, of  enormous  thickness,  corresponds  to  what  the  older  geolo- 
gists called  the  fundamental  granite,  a  name  not  to  be  scouted,  for 
gneiss  is  only  a  stratified  granite.  Perhaps  the  main  fact  in  re- 
lation to  this  old  rock  is  that  it  is  a  gneiss,  that  is,  a  rock  at  once 
bedded  and  crystalline,  and  having  for  its  dominant  ingredient  the 
mineral  orthoclase,  a  compound  of  silica,  alumina  and  potash,  in 
which  are  embedded,  as  in  a  paste,  grains  and  crystals  of  quartz  and 
hornblende.  We  know  very  well  from  its  texture  and  composi- 
tion that  it  cannot  be  a  product  of  mere  heat,  and  being  a  bedded 
rock  we  infer  that  it  was  laid  down  layer  by  layer  in  the  manner  of 
aqueous  deposits.  On  the  other  hand,  its  chemical  composition  is 
quite  different  from  that  of  the  muds,  sands  and  gravels  usually 
deposited  from  water.  Their  special  characters  are  caused  by  the 
fact  that  they  have  resulted  fix)m  the  slow  decay  of  rocks  like 
these  gneisses,  under  the  operation  of  carbonic  acid  and  water,  where- 
by the  alkaline  matter  and  the  more  soluble  part  of  the  silica  have 
been  washed  away,  leaving  a  residue  mainly  silicious  and  alumi- 
nous. Such  more  modern  rocks  tell  of  dry  land  subjected  to 
atmospheric  decay  and  rain-wash.  If  they  have  any  direct  relation 
to  the  old  gneisses  they  are  their  grandchildren,  not  their  parents. 
On  the  contrary,  the  oldest  gneisses  show  no  pebbles  or  sand 
or  limestone  —  nothing  to  indicate  that  there  was  then  any  land 
undergoing  atmospheric  waste,  or  shores  with  sand  and  gravel. 
For  all  that  we  know  to  the  contrary,  these  old  gneisses  may  have 
been  deposited  in  a  shoreless  sea,  holding  in  solution  or  suspen- 
sion merely  what  it  could  derive  from  a  submerged  crust  recently 
cooled  from  a  state  of  fusion,  still  thin,  and  exuding  here  and  there 
through  its  fissures  heated  waters  and  volcanic  products* 
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It  is  scarcely  necessary  to  say  that  I  have  no  confidence  in  the 
supposition  of  unlike  composition  of  the  earth's  mass  on  different 
sides  on  which  Dana  has  partly  based  his  theory  of  the  origin  of 
continents.  The  most  probable  conception  seems  to  be  that  of 
Lyell,  namely,  a  molten  mass,  uniform  except  in  so  far  as  denser 
material  might  exist  toward  its  centre,  and  a  cinist  at  first  approx- 
imately even  and  homogeneous,  and  subsequently  thrown  into 
great  bendings  upward  and  downward.  This  question  has  recently 
been  ably  discussed  by  Mr.  Crosby  in  the  London  Geological 
Magazine.^ 

In  short,  the  fundamental  gneiss  of  the  Lower  Laurentian  may 
have  been  the  first  rock  ever  formed  ;  and  in  any  case  it  is  a  rock 
formed  under  conditions  which  have  not  since  recurred  except 
locally.  It  constitutes  the  first  and  best  example  of  those  chemi- 
co-physical,  aqueous  or  aqueo-igneous  rocks,  so  characteristic  of 
the  earliest  period  of  the  earth's  liistory.  Viewed  in  this  way 
the  Lower  Laurentian  gneiss  is  probably  the  oldest  kind  of  rock 
we  shall  ever  know  —  the  limit  to  our  backward  progress,  beyond 
which  there  remains  nothing  to  the  geologist  except  physical  hy- 
potheses respecting  a  cooling  incandescent  globe.  For  the  chem- 
ical conditions  of  these  primitive  rocks,  and  what  is  known  as  to 
their  probable  origin,  I  must  refer  you  to  my  friend  Dr.  Sterry 
Hunt,  to  whom  we  owe  so  much  of  what  is  known  of  the  older 
crystalline  rocks^  as  well  as  of  their  literature,  and  the  questions 
which  they  raise.  My  purpose  here  is  to  sketch  the  remarkable 
diflerence  which  we  meet  as  we  ascend  into  the  Middle  and 
Upper  Laurentian. 

In  the  next  succeeding  formation,  the  true  Lower  Laurentian 
of  Logan,  the  Grenville  series  of  Canada,  we  meet  with  a  great  and 
significant  change.  It  is  true  we  have  still  a  predominance  of 
gneisses  which  may  have  been  formed  in  the  same  manner  with 
those  below  them ;  but  we  find  these  now  associated  with  great 
beds  of  limestone  and  dolomite,  which  must  have  been  formed  by 
the  separation  of  calcium  and  magnesium  carbonates  from  the  sea 
water,  either  by  chemical  precipitation  or  by  the  agency  of  living 
beings.  We  have  also  quartzite,  quartzose  gneisses,  and  even 
pebble  beds,  which  inform  us  of  sand  banks  and  shores.  Nay, 
more,  we  have  beds  containing  graphite  which  must  be  the  residue 
of  plants,  and  iron  ores  which  tell  of  the  deoxidation  of  iron 
>  June,  1883.  «  Hunt,  Essays  on  Chemical  Geology. 
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oxide  by  organic  matters.  In  short,  liere  we  have  evidence  of 
new  factors  in  world-building,  of  land  and  ocean,  of  atmospheric 
decay  of  rocks,  of  deoxidizing  processes  carried  on  by  vegetable 
life  on  the  land  and  in  the  waters,  of  limestone-building  in  the  sea. 
To  aifoixl  material  for  such  rocks,  the  old  Ottawa  gneiss  must  have 
been  lifted  up  into  continents  and  mountain  masses.  Under  the 
slow  but  sure  action  of  the  carbonic  dioxide  dissolved  in  rain- 
water, its  felspar  had  crumbled  down  in  the  course  of  ages. 
Its  potash,  soda,  lime,  magnesia  and  part  of  its  silica  had  been 
washed  into  the  sea,  there  to  enter  into  new  combinations  and  to 
form  new  deposits.  The  crumbling  residue  of  fine  clay  and  sand 
had  been  also  washed  down  into  the  borders  of  the  ocean,  and  had 
been  there  deposited  in  beds^.  Thus  the  earth  had  entered  into  a 
new  phase,  which  continues  onward  through  the  geological  ages ; 
and  I  place  in  your  hands  one  key  for  unlocking  the  mystery  of 
the  world  when  I  affirm  that  this  great  change  took  place,  this  new 
era  of  modern  causes  was  inaugurated  in  the  midst  of  the  Lau- 
ren tian  period. 

Was  not  this  time  a  fit  period  for  the  first  appearance  of  life  ? 
Should  wc  notexpect  it  to  appear,  independently  of  the  evidence  we 
have  of  the  fact  ?  1  do  not  propose  to  enter  here  into  that  evidence, 
more  e8i>ecially  in  the  case  of  the  one  well  characterized  Lauren- 
tian  fossil,  Eozoon  Canadense.  I  have  already  amply  illustrated 
it  elsewhere.  I  would  merely  say  here  that  we  should  bear  in  mind 
that  in  this  later  half  of  the  Lower  Laurentian,  or  if  we  so  choose 
to  style  it,  Middle  Laurentian  period,  we  have  the  conditions  re- 
qnired  for  life  in  the  sea  and  on  the  land ;  and  since  in  other 
periods  we  know  that  life  was  always  present  when  its  conditions 
were  present,  it  is  not  unreasonable  to  look  for  the  first  traces  of 
life  in  this  formation,  in  which  we  find  for  the  first  time  the  com- 
pletion of  those  physical  arrangements  which  make  life,  in  such 
forms  of  it  as  exist  on  our  planet,  possible. 

This  is  also  a  proper  place  to  say  something  of  the  doctrine  of 
what  is  termed  metamorphism.  The  Laurentian  rocks  are  undoubt- 
edly greatly  changed  from  their  onginal  state,  more  especially 
in  the  matters  of  crystallization  and  the  formation  of  dissemi- 
nated minerals,  by  the  action  of  heat  and  heated  water.  Sand- 
stones have  thus  passed  into  quaitzites,  clays  into  slates  and  schists, 

*  Dr.  HnDt  has  now  In  preparation  for  the  press  an  important  paper  on  this  subject, 
read  before  the  National  Academy  of  Sciences. 
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limestones  into  marbles.  So  far,  metamorphisni  is  not  a  donbtful 
question  ;  but  when  theories  of  metamorphism  go  so  far  as  to  sup- 
pose an  actual  change  of  one  element  for  another,  they  go  beyond 
the  bounds  of  chemical  credibility  ;  yet  such  theoriesof  metamorphism 
are  often  boldly  advanced  and  made  the  basis  of  important  conclu- 
sions. Dr.  Hunt  has  happily  given  the  name  "  metasomatosis"  to 
this  imaginary  and  impossible  kind  of  metamorphism,  which  may 
be  regarded  as  an  extreme  kind  of  evolution,  akin  to  some  of  those 
forms  of  that  theory  employed  with  reference  to  life,  but  more 
easily  detected  and  exposed.  I  would  have  it  to  be  understood 
that,  in  speaking  of  the  metamorphism  of  the  older  crystalline 
rocks,  it  is  not  to  this  metasomatosis  that  I  refer,  and  that  I  hold 
that  rocks  which  have  been  produced  out  of  the  materials  decom- 
posed by  atmospheric  erosion  can  never  by  any  process  of  meta- 
morphism be  restored  to  the  precise  condition  of  the  Laurentian 
rocks.  Thus  there  is  in  the  older  formations  a  genealogy  of  rocks, 
which,  in  the  absence  of  fossils,  may  be  used  with  some  confidence, 
but  which  does  not  apply  to  the  more  modem  deposits.  Still 
nothing  in  geology  absolutely  perishes,  or  is  altogether  discon- 
tinued ;  and  it  is  probable  that,  down  to  the  present  day,  the  causes 
which  produced  the  old  Laurentian  gneiss  may  still  operate  in 
limited  localities.  Then,  however,  they  were  general  not  excep- 
tional. It  is  further  to  be  observed  that  the  term  gneiss  is  some- 
times of  wide  and  even  loose  application.  Beside  the  t3'pical  or- 
thoclase  and  hornblendic  gneiss  of  the  Laurentian,  there  are 
micaceous,  quartzose,  garnetiferous  and  many  other  kinds  of 
gneiss ;  and  even  gneissose  rocks,  which  hold  labradorite  or  anor- 
thite  instead  of  orthoclase,  are  sometimes,  though  not  accu- 
rately, included  in  the  term. 

The  Grenville  series,  or  Middle  Laurentian  is  succeeded  by  what 
Logan  in  Canada  called  the  Upper  Laurentian,  and  which  other 
geologists  have  called  the  Norite  or  Norian  series.  Here  we  still 
have  our  old  friends  the  gneisses,  but  somewhat  peculiar  in  tyi)e, 
and  associated  with  them  are  great  beds,  rich  in  lime-felspar,  the 
so-called  labradorite  and  anorthite  rocks.  The  precise  origin  of 
these  is  uncertain,  but  this  much  seems  clear,  namely,  that  they 
originated  in  circumstances  in  which  the  great  limestones  depos- 
ited in  the  Lower  or  Middle  Laurentian  were  beginning  to  be 
employed  in  the  manufacture,  probably  by  aqueo-igneous  agencies, 
of  lime-felspars.     This  proves  the  Norian  rocks  to   be   much 
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younger  than  the  Laurentian,  and  that,  as  Logan  supposed,  con- 
siderable earth  movements  had  occurred  between  the  two,  imply- 
ing lapse  of  time. 

Next  we  have  the  Huronian  of  Logan,  a  series  much  less  crys- 
talline and  more  fragmentaiy,  and  affording  more  evidence  of  land 
elevation  and  atmospheric  and  aqueous  erosion  than  any  of  the 
others.  Ithas  great  conglomerates,  some  of  them  made  up  of  rounded 
pebbles  of  Laurentian  rocks,  and  others  of  quartz  pebbles,  which 
must  have  been  the  remains  of  rocks  subjected  to  very  perfect  ero- 
sion. The  pure  quartz-rocks  tell  the  same  tale,  while  limestones 
and  slates  speak  also  of  chemical  separation  of  the  materials  of 
older  rocks.  The  Huronian  evidently  implies  movements  in  the 
previous  Laurentian,  and  changes  in  its  texture  so  great,  that  the 
former  may  be  regarded  as  a  comparatively  modern  rock,  though 
vastly  older  than  any  part  of  the  Palceozoic  series. 

Still  later  than  the  Huronian,  is  the  great  Micaceous  series, 
called  by  Hunt  the  Mont  Alban  or  White  mountain  group,  and 
the  Taconian  or  Lower  Taconic  of  Emmons,  which  recalls  in  some 
measure  the  conditions  of  the  Huronian.  The  precise  relations 
of  these  to  the  later  formations  and  to  certain  doubtful  deposits 
around  Lake  Superior,  can  scarcely  be  said  to  be  settled,  though 
it  would  seem  that  they  are  all  older  than  the  fossiliferous  Cam- 
brian rocks,  which  practically  constitute  the  base  of  the  Palteozoic. 
I  have,  I  may  say,  satisfied  myself,  in  regions  which  I  have 
studied,  of  the  existence  and  order  of  these  rocks  as  successive  for- 
mations, though  I  would  not  dogmatize  as  to  the  precise  relations 
of  those  last  mentioned,  or  as  to  the  precise  age  of  some  dis- 
puted formations  which  may  either  be  of  the  age  of  the  older 
Eozoic  formations  or  may  be  peculiar  kinds  of  PalsBozoic  rocks 
modified  by  metamorphism.  Probably  neither  of  the  extreme 
views  now  agitated  is  absolutely  correct. 

After  what  has  been  said,  you  will  perhaps  not  be  astonished 
that  a  great  geological  battle  rages  over  the  old  crystalline  rocks. 
By  some  geologists  they  are  almost  entirely  explained  away  or 
referred  to  igneous  action  or  to  the  alteration  of  ordinary  sedi- 
ments. Under  the  treatment  of  another  school,  they  grow  to  great 
series  of  Pre-Cambrian  rocks,  constituting  vast  systems  of  for- 
mations, distinguishable  from  each  other,  not  by  fossils,  but  by 
differences  of  mineral  character.    I  have  ah-eady  indicated  the 
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manner  in  which  I  believe  the  dispute  will  ultimately  be  settled, 
and  the  President  of  the  Geological  Section  will  treat  it  more 
fully  in  his  opening  address. 

After  the  solitary  appearance  of  Eozoon  in  theLaurentian,  and 
of  a  few  uncertain  forms  in  the  Huronian  and  Taconian,  we  find 
ourselves,  in  the  Cambrian,  in  the  presence  of  a  nearly  complete  in- 
vertebrate fauna  of  protozoa,  polyps,  echinoderms,  moUusks  and 
Crustacea,  and  this  not  confined  to  one  locality  merely,  but  appar- 
ently extended  simultaneously  throughout  the  ocean.  This  sud- 
den incoming  of  animal  life,  along  with  the  subsequent  introduction 
of  successive  gi*oups  of  invertebrates,  and  finally  of  vertebrate  an- 
imals, furnishes  one  of  the  greatest  of  the  unsolved  problems  of 
geology,  which  geologists  were  wont  to  settle  by  the  supposition 
of  successive  creations.  In  an  address  delivered  at  the  Detroit 
meeting  of  the  Association  in  1875,  I  endeavored  to  set  forth  the 
facts  as  to  this  succession,  and  the  general  principles  involved  in 
it,  and  to  show  the  insufficiency  of  the  theories  of  evolution  sug- 
gested by  biologists  to  give  any  substantial  aid  to  the  geologist  in 
these  questions.  In  looking  again  at  the  points  there  set  forth, 
I  find  they  have  not  been  invalidated  by  subsequent  discoveries, 
and  that  we  are  still  nearly  in  the  same  position  with  respect  to 
these  great  questions  that  we  were  in  at  that  time, —  a  singular 
proof  of  the  impotency  of  that  deductive  method  of  reasoning 
which  has  become  fashionable  among  naturalists  of  late.  Yet  the 
discussions  of  recent  years  have  thrown  some  additional  light  on 
these  matters,  and  none  more  so  than  the  mild  disclaimers  with 
which  m^'  friend  Dr.  Asa  Gray  and  other  moderate  and  scientific 
evolutionists  have  met  the  extreme  views  of  such  men  as  Roma- 
nes, Haeckel,  Lubbock  and  Grant  Allen.  It  may  be  useful  to  note 
some  of  these,  as  shedding  a  little  light  on  this  dark  corner  of  our 
unsolved  problems. 

It  has  been  urged  on  the  side  of  rational  evolution  that  this 
hypothesis  does  not  profess  to  give  an  explanation  of  the  absolute 
origin  o'f  life  on  our  planet,  or  even  of  the  original  organization 
of  a  single  cell  or  of  a  simple  mass  of  protoplasm,  living  or  dead. 
All  experimental  attempts  to  produce  by  synthesis  the  complex 
albuminous  substances  or  to  obtain  the  living  from  the  non-living, 
have  so  far  been  fruitless,  and  indeed  we  cannot  imagine  any  pro- 
cess by  which  such  changes  could  be  effected.    That  they  have 
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been  effected  we  know,  bat  the  process  employed  by  their  maker  is 
still  as  mysterious  to  us  as  it  probably  was  to  him  who  wrote  the 
words: — "And  God  said  let  the  waters  swarm  with  swarmers." 
How  vast  is  the  gap  in  our  knowledge  and  our  practical  power 
imphed  in  this  admission,  which  must  however  be  made  by  every 
mind  not  absolutely  blinded  by  a  superstitious  belief  in  those 
forms  of  words  which  too  often  pass  current  as  philosophy. 

Bat  if  we  are  content  to  start  with  a  number  of  organisms  ready 
made — a  somewhat  humiliating  start  however — we  still  have  to  ask 
—How  do  these  vary  so  as  to  give  new  species  ?  It  is  a  singular 
illusion  in  this  matter,  of  men  who  profess  to  be  believers  in  natu- 
ral law,  thait  vaiiation  may  be  boundless,  aimless  and  fortuitous, 
and  that  it  is  by  spontaneous  selection  from  varieties  thus  pro- 
duced that  development  arises.  But  surely  the  supposition  of 
mere  chance  and  magic  is  unworthy  of  science.  Varieties  must 
have  causes,  and  these  causes  and  their  effects  must  be  regulated  by 
some  law  or  laws.  Now  it  is  easy  to  see  that  they  cannot  be 
caused  by  a  mere  innate  tendency  in  the  organism  itself.  Every 
organism  is  so  nicely  equilibrated  that  it  has  no  such  spontaneous 
tendency,  except  within  the  limits  set  by  its  growth  and  the  law  of 
its  periodical  changes.  There  may,  however,  be  equilibrium  more 
or  less  stable.  I  believe  all  attempts  hitherto  made  have  failed  to 
account  for  the  fixity  of  certain,  nay  of  very  many,  types  through- 
out geological  time,  but  the  mere  consideration  that  one  may  be 
in  a  more  stable  state  of  equilibrium  than  another,  so  far 
explains  it.  A  rocking  stone  has  no  more  spontaneous  ten- 
dency to  move  than  an  ordinary  boulder,  but  it  may  be  made  to 
move  with  a  touch.  So  it  probably  is  with  organisms.  But  if  so, 
then  the  causes  of  variation  are  external,  as  in  many  cases  we 
actually  know  them  to  be,  and  they  must  depend  on  instability  or 
change  in  surroundings,  and  this  so  arranged  as  not  to  be  too  ex- 
treme in  amount  and  to  oi>erate  in  some  determinate  direction. 
Observe  how  remarkable  the  unity  of  the  adjustments  involved  in 
such  a  supposition !  how  superior  they  must  be  toour  rude  and  always 
more  or  less  unsuccessful  attempts  to  produce  and  carry  forward 
varieties  and  races  in  definite  directions !  This  cannot  be  chance. 
If  it  exists  it  must  depend  on  plans  deepl}'  laid  in  the  nature  of 
things,  else  it  would  be  most  monstrous  magic  and  causeless  mira- 
cle.   Still  more  certain  is  this  conclusion  when  we  consider  the  vast 
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and  orderl}'  succession  made  known  to  us  by  geology,  and  which 
must  have  been  regulated  by  fixed  laws,  only  a  few  of  which  are 
as  yet  known  to  us. 

Beyond  these  general  considerations,  we  have  others  of  a  more 
special  character,  based  on  palseontological  facts,  which  show  how 
imperfect  are  our  attempts  as  yet  to  reach  the  time  causes  of  the 
introduction  of  genera  and  species. 

One  is  the  remarkable  fixity  of  the  leading  types  of  living  be- 
ings in  geological  time.  If,  instead  of  framing,  like  Ilseckel, 
fanciful  phylogenies,  we  take  the  trouble  with  Barrande  and 
Gaudry,  to  trace  the  forms  of  life  through  the  period  of  their  ex- 
istence, each  along  its  own  line,  we  shall  be  greatly  struck  with 
this,  and  especially  with  the  continuous  existence  of  msLuy  low 
types  of  life  through  vicissitudes  of  physical  conditions  of  the 
most  stupendous  character,  and  over  a  lapse  of  time  scarcely  con- 
ceivable. What  is  still  more  remarkable  is  that  this  holds  in 
groups  which,  within  certain  limits,  are  perhaps  the  most  variable 
of  all.  In  the  present  world,  no  creatures  are  individually  moi-e 
variable  than  the  protozoa ;  as,  for  example,  the  foraminifera  and 
the  sponges.  Yet  these  groups  are  fundamentally  the  same,  from 
the  beginning  of  the  Palaeozoic  until  now,  and  modern  species 
seem  scarcely  at  all  to  differ  from  specimens  procured  from  rocks 
at  least  half-way  back  to  the  beginning  of  our  geological  record. 
If  we  suppose  that  the  present  sponges  and  foraminifera  are  the 
descendants  of  those  of  the  Silurian  period,  we  can  affirm  that 
in  all  that  vast  lapse  of  time,  they  have  on  the  whole  made  little 
greater  change  than  that  which  may  be  observed  in  variable  forms 
at  present.  The  same  remark  applies  to  other  low  animal  forms. 
In  forms  somewhat  higher  and  less  variable,  this  is  equally  note- 
worthy. The  pattern  of  the  venation  of  the  wings  of  cock- 
roaches, and  the  structure  and  form  of  land  snails,  gaily- worms 
and  decapod  crustaceans  were  all  settled  in  the  Carboniferous  age, 
in  a  way  that  still  remains.  So  were  the  foliage  and  the  fructifi- 
cation of  club-mosses  and  ferns.  If,  at  any  time,  members  of 
these  groups  branched  off,  so  as  to  lay  the  foundation  of  new 
species,  this  must  have  been  a  very  rare  and  exceptional  occur- 
rence and  one  demanding  even  some  suspension  of  the  ordinary 
laws  of  nature. 

Certain  recent  utterances  of  eminent  scientific  men  in  England 
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and  France,  are  most  instructive  with  reference  to  the  difficulties 
wliich  encompass  this  subject.  Huxley,  at  present  the  leader  of 
English  evolutionists,  in  his  "  Rede  Lecture  "*  delivered  at  Cam- 
bridge, England,  holds  that  there  are  only  two  "  possible 
alternative  hypotheses"  as  to  the  origin  of  species — (1)  tiiat  of 
"  construction "  or  the  mechanical  putting  together  of  the  mate- 
rials and  parts  of  each  new  species  separately ;  and  (2)  that  of 
"evolution,"  or  that  one  form  of  life  "proceeded  from  anotiier" 
by  the  *'  establishment  of  small  successive  differences."  After 
comparing  these  modes,  much  to  the  disadvantage  of  the  first,  he 
concludes  with  the  statement  that  ^^  this  was  his  case  for  evolution, 
which  he  rested  wholly  on  arguments  of  the  kind  he  had  adduced" — 
these  arguments  being  the  tiireadbare  false  analogy  of  ordinary 
reproduction  and  the  transformation  of  species,  and  the  mere 
succession  of  forms  more  or  less  similar  in  geological  time,  neither 
of  them  having  any  bearing  whatever  on  the  origin  of  any  species 
or  on  the  cause  of  the  observed  succession.  With  reference  to 
the  two  alternatives,  while  it  is  true  that  no  certain  evidence  has 
yet  been  obtained  either  by  experiment  observation  or  sound  induc- 
tion as  to  the  raoile  of  origin  of  any  species,  enough  is  known  to 
show  that  there  arc  numerous  possible  methods,  grouped  usually 
under  the  heads  of  absolute  creation,  mediate  creation,  critical 
evolution  and  gradual  evolution.  It  is  also  true  that  almost  the 
only  thing  we  certainly  know  in  the  matter  is  that  the  differences 
characteristic  of  classes,  orders,  genera  and  species  must  have 
arisen,  not  in  one  or  two,  but  in  many  ways.  An  instructive  com- 
mentary on  the  capacity  of  our  age  to  deal  with  these  great  ques- 
tions is  afforded  by  the  fact  that  this  little  piece  of  clever  mental 
gymnastic  should  have  been  practised  in  a  university  lectui-e  and  in 
presence  of  an  educated  audience.  It  is  also  deserving  of  notice 
that  though  the  lecturer  takes  the  development  of  the  Nautili  and 
their  allies  as  his  principal  illustration,  he  evidently  attaches  no 
weight  to  the  argument  in  the  opposite  sense  deduced  by  Barrande, 
the  man  of  all  others  most  profoundly  acquainted  with  these  ani- 
mals, from  the  Palseozoic  cephalopods.^ 

Another  example  is  aflTorded  by  a  lecture  recently  delivered  at 
the  Boyal  Institution  in  London  by  Prof.  Flower.*    The  subject 

^Beport  in  ''Nature,**  Jane  21,  corrected  by  the  author. 

*  Important  facta  bearing  on  this  point  have  also  been  recenUy  discovered  by  Hyatt. 

«Beported  in  ''Natore." 
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is,  ''  The  Whales,  past  and  present,  and  their  probable  origin." 
The  latter  point,  as  is  well  known,  Gaudry  had  candidly  given  up. 
"  We  have  questioned,"  he  says,  "  these  strange  and  gigantic  sov- 
ereigns of  the  Tertiary  oceans  as  to  their  ancestors, — they  leave 
as  without  reply."  Flower  is  bold  enough  to  face  this  problem, 
and  he  does  so  in  a  fair  and  vigorous  wa}',  though  limiting  hini- 
self  to  the  supposition  of  slow  and  gradual  change.  He  gives  up 
at  once,  as  every  anatomist  must,  the  idea  of  an  origin  from  fishes 
or  reptiles.  He  thinks  the  ancestors  of  tlie  whales  must  have 
been  quadrupedal  mammals.  He  is  obliged  for  good  reasons  to 
reject  the  seals  and  the  otters,  and  turns  to  the  ungnlates,  though 
here  also  the  difHculties  are  formidable.  Finally,  he  has  recourse 
to  an  imaginary  ancestor,  supposed  to  have  haunted  marshes  and 
rivers  of  the  Mesozoic  age,  and  to  have  been  intermediate  between 
a  hippopotamus  and  a  dolphin,  and  omnivorous  in  diet.  As  this 
animal  is  altogether  unknown  to  geology  or  zoology,  and  not 
much  less  difficult  to  account  for  than  the  whales  themselves,  he 
very  properly  adds :  "  Please  to  recollect,  however,  that  this  is 
a  mere  speculation."  He  trusts,  however,  that  such  .speculations 
are  ''  not  without  their  use ;"  but  this  will  depend  upon  whether 
or  not  they  lead  men's  minds  from  the  path  of  legitimate  science 
into  the  quicksands  of  baseless  conjecture. 

Gaudry,  in  his  recent  work,  ''Enchainements  du  Monde  Ani- 
mal,"^  though  a  strong  advocate  of  evolution,  is  obliged  in  his 
final  resum6  to  say :  ^  ^  II  ne  laisse  point  percer  le  my stere 
qui  entoure  le  developpement  primitif  des  grandes  classes  du 
monde  animal.  Nul  homme  ne  salt  comment  ont  dt6  formes 
les  premiers  individus  de  foraminiferes,  de  polypes,  d'4toiles 
de  mer,  de  crinoides,  etc.  Les  fossiles  primaires  ne  nous 
ont  pas  encore  foumi  de  preuves  positives  du  passage  des  animaux 
d'une  classe  k  ceux  d'une  autre  classe." 

Prof.  Williamson,  of  Manchester,  in  an  address  delivered  in 
Febraary  last  before  the  Royal  Institution  of  Great  Britain,  after 
showing  that  the  conifers,  ferns  and  lycopods  of  the  Palaeozoic 
have  no  known  ancestry,  uses  the  significant  words :  *'  The  time 
has  not  yet  arrived  for  the  appointment  of  a  botanical  king-at-arms 
and  constructor  of  pedigrees." 

Another  caution  which  a  palaeontologist  has  occasion  to  give 
with  regard  to  theories  of  life,  has  reference  to  the  tendency  of 
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biologists  to  infer  tbat  animals  and  plants  were  introduced  under 
eiiibr}'onic  forms,  and  at  first  in  few  and  imperfect  species.  Facts 
flo  not  substantiate  tliis.  Tbe  first  appearance  of  leading  types 
of  life  is  rarely  embryonic.  On  the  contrary,  they  often  api>ear 
in  highly  perfect  and  specialized  forms,  often  however  of  com- 
posite type  and  expressing  characters  afterwards  so  separated 
as  to  belong  to  higher  groups.  The  trilobites  of  the  Cambrian 
are  some  of  them  of  few  segments  and  so  far  embryonic,  but  the 
greater  part  are  many-segmented  and  very  complex.  The  batra- 
cbians  of  the  Carboniferous  present  many  characters  higher  than 
those  of  their  modem  successors  and  now  appropriated  to  the 
true  reptiles.  The  reptiles  of  the  Permian  and  Trias  usurped 
some  of  the  prerogatives  of  the  mammals.  The  ferns,  lycopods 
and  equisetums  of  the  Devonian  and  Carboniferous  were,  to  say 
the  least,  not  inferior  to  their  modern  representatives.  The  shell- 
bearing  cephalopods  of  the  Palaeozoic  would  seem  to  have  pos- 
sessed structures  now  special  to  a  higher  group,  that  of  the 
cattle-fishes.  The  bald  and  contemptuous  negation  of  these  facts 
by  Hasckel  and  other  biologists  does  not  tend  to  give  geologists 
iDQch  confidence  in  their  dicta. 

Again,  we  are  now  prepared  to  say  that  the  straggle  for  exist- 
ence, however  plausible  as  a  theory,  when  put  before  us  in 
connection  with  the  productiveness  of  animals  and  the  few  survivors 
of  their  multitudinous  progeny,  has  not  been  the  determining 
canse  of  the  introduction  of  new  species.  The  periods  of  rapid 
introduction  of  new  forms  of  marine  life  were  not  periods  of 
straggle  but  of  expansion — those  periods  in  which  the  submer- 
gence of  continents  afforded  new  and  large  space  for  their  exten- 
sion and  comfortable  subsistence.  In  like  manner,  it  was 
continental  emergence  that  afforded  the  opportunity  for  the  intro- 
duction of  land  animals  and  plants.  Furtiier,  in  connection  with 
this,  it  is  now  an  established  conclusion  that  the  gieat  aggressive 
faunas  and  floras  of  the  continents  have  originated  in  the  north, 
some  of  them  within  the  arctic  circle,  and  this  in  periods  of  excep- 
tional warmth,  when  the  perpetual  summer  sunshine  of  the  arctic 
regions  coexisted  with  a  wann  temperature.  The  testimony  of  the 
rocks  thus  is  that  not  struggle  but  expansion  furnished  the  requi- 
site conditions  for  new  forms  of  life,  and  that  the  periods  of  struggle 
were  characterized  by  depauperation  and  extinction. 

But  we  are  sometimes  told  that  organisms  are  merely  mechani- 
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cal,  and  that  the  discassions  respecting  their  origin  have  no  signifi- 
cance any  more  than  if  they  related  to  rocks  or  crystals,  because 
they  relate  merely  to  the  organism  considered  as  a  macliine,  and 
not  to  that  which  may  be  supposed  to  be  more  important,  namely, 
the  great  determining  power  of  mind  and  will.  That  this  is  a 
mere  evasion  by  which  we  really  gain  nothing,  will  appear  from  a 
characteristic  extract  of  an  article  by  an  eminent  biologist  in  the 
new  edition  of  the  Encyclopedia  Britannica,  a  publication  which, 
I  am  sori-y  to  say,  instead  of  its  proper  role  as  a  rei>ertory  of  facts, 
has  become  a  strong  partisan,  stating  extreme  and  unproved  spec- 
ulations as  if  they  were  conclusions  of  science.  The  statement 
referred  to  is  as  follows :  "A  mass  of  living  protoplasm  is  simply 
a  molecular  machine  of  great  complexity,  the  total  results  of  the 
working  of  which  or  its  vital  phenomena  depend  on  the  one  hand 
on  its  construction  and  on  the  other  on  the  energy  supplied  to  it ; 
and  to  speak  of  vitality  as  anything  but  the  name  for  a  series  of 
operations  is  as  if  one  should  talk  of  the  horologity  of  a  clock." 
It  would  I  think  scarcely  be  possible  to  put  into  the  same  number 
of  words  a  greater  amount  of  unscientific  assumption  and  unproved 
statement  than  in  this  sentence.  Is  ''living  protoplasm" different 
in  any  way  from  dead  protoplasm,  and  if  so,  what  causes  the 
difference?  What  is  a  "machine?"  Can  we  conceive  of  a  self- 
produced  or  uncaused  machine,  or  one  not  intended  to  work  out 
some  definite  results?  The  results  of  the  machine  in  question  are 
said  to  be  ''vital  phenomena;"  certainly  most  wonderful  results, 
and  greater  than  those  of  any  machine  man  has  yet  been  able  to 
construct.  But  why  "  vital?"  If  there  is  no  such  thing  as  life, 
surely  they  are  merely  physical  results.  Can  mechanical  causes 
produce  other  than  physical  effects?  To  Aristotle,  life  was  "  the 
cause  of  form  in  organisms."  Is  not  this  quite  as  likely  to  be  true 
as  the  converse  proposition?  If  the  vital  phenomena  depend  on 
the  "  constmction  "  of  the  machine,  and  the  "  energy  supplied  to 
it,"  whence  this  construction  and  whence  this  energy  ?  The  illus- 
tration of  the  clock  does  not  help  us  to  answer  this  question. 
The  construction  of  the  clock  depends  on  its  maker,  and  its  energy 
is  derived  from  the  hand  that  winds  it  up.  If  we  can  think  of  a 
clock  which  no  one  has  made  and  which  no  one  winds,  a  clock 
constructed  by  chance,  set  in  harmony  with  the  univei*se  by 
chance,  wound  up  periodically  by  chance,  we  shall  then  have  an 
idea  parallel  to  that  of  an  organism  living  yet  without  any  vital  en- 
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crgy  or  creative  law,  but  in  such  a  case  we  sbould  certainly  have 
to  assume  some 'antecedent  cause,  whether  we  call  it'*  horologity  " 
or  by  some  other  name.  Perhaps  the  term  evolution  would  serve 
as  well  as  any  other,  were  it  not  that  common  sense  teaches  that 
nothing  can  be  spontaneously  evolved  out  of  that  in  which  it  did 
not  previously  exist. 

There  is  one  other  unsolved  problem  in  the  study  of  life  by 
the  geologist  to  which  it  is  still  necessaiy  to  advert.  This  is  the 
inability  of  palaeontology  to  fill  up  the  gaps  in  the  chain  of  being. 
Id  this  respect  we  are  constantly  taunted  with  the  imperfection  of 
the  record ;  but  facts  show  that  the  record  is  much  more  complete 
than  is  generally  supposed.  Over  long  periods  of  time  and  many 
lines  of  beiiig  we  have  a  nearly  continuous  chain,  and  if  this  does 
not  show  the  tendency  desired,  the  fault  is  as  likely  to  be  in  the  theory 
as  in  the  record.  On  the  other  hand,  the  abrupt  and  simultaneous 
appearance  of  new  types  in  many  specific  and  generic  forms  and 
over  wide  and  separate  areas  at  one  and  the  same  time,  is  too  often 
repeated  to  be  accidental.  Hence  palaeontologists  in  endeavoring 
to  establish  evolution,  have  been  obliged  to  assume  periods  of  ex- 
ceptional activity  in  the  introduction  of  species  alternating  with 
others  of  stagnation,  a  doctrine  differing  very  little  from  that  of 
special  creation  as  held  by  the  older  geologists. 

The  attempt  has  lately  been  made  to  account  for  these  breaks 
by  the  assumption  that  the  geological  record  relates  only  to 
periods  of  submergence  and  gives  no  information  as  to  those  of 
elevation.  This  is  manifestly  untrue.  In  so  far  as  marine  life  is 
concerned,  the  periods  of  submergence  are  those  in  which  new 
forms  abound  for  veiy  obvious  reasons  already  hinted ;  but  the 
periods  of  new  forms  of  land  and  fresh- water  life  are  those  of  ele- 
vation, and  these  have  their  own  records  and  monuments,  often 
very  rich  and  ample,  as  for  example  the  swamps  of  the  Carbo- 
niferous, the  transition  from  the  Cretaceous  subsidence  to  the  Lar- 
amie elevation,  the  Tertiary  lake-basins  of  the  west,  the  Terraces 
and  raised  beaches  of  the  Pleistocene.  Had  I  time  to  refer  in 
detail  to  the  breaks  in  the  continuity  of  life  which  cannot  be 
explained  by  the  imperfection  of  the  record,  I  could  show  at  least 
that  nature  in  this  case  does  a<lvance  |)er  aaltum — by  leaps,  rather 
than  by  a  slow  continuous  process.  Many  able  reasoners,  as  Le- 
Coute  in  this  oountiy,  and  Mivart  and  Collard  in  England,  hold 
this  view. 
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Here,  as  elsewhere,  a  vast  amount  of  steady  oonsclentioas  work 
is  required  to  enable  us  to  solve  the  problems  of  the  history  of 
life.  But  if  so,  the  more  the  hope  for  the  patient  student  and  in- 
vestigator.  I  know  nothing  more  chilling  to  research  or  unfavor- 
able to  progress  than  the  promulgation  of  a  dogmatic  decision 
that  there  is  nothing  to  be  learned  but  a  merely  fortuitous  and 
uncaused  succession,  amenable  to  no  law,  and  only  to  be  covered, 
in  order  to  hide  its  shapeless  and  uncertain  propoitions,  by  the 
mantle  of  bold  and  gratuitous  hypothesis. 

So  soon  as  we  find  evidence  of  continents  and  oceans  we  raise 
the  question,  Have  these  continents  existed  from  the  first  in 
their  present  position  and  form,  or  have  the  land  and  water  changed 
places  in  the  course  of  geological  time  ?  lu  reality  both  state- 
ments are  true  in  a  certain  limited  sense.  On  the  one  hand,  any 
geological  map  whatever  sufiSces  to  show  that  the  general  outline 
of  the  existing  land  began  to  be  formed  in  the  first  and  oldest 
crumplings  of  the  crust.  On  the  other  hand,  the  greater  part  of 
the  surface  of  the  land  consists  of  marine  sediments  which  must 
have  been  derived  from  land  that  has  perished  in  the  process, 
while  all  the  continental  surfaces,  except  perhaps,  some  high  peaks 
and  ridges,  have  been  many  times  submerged.  Both  of  these  ap- 
parently contradictory  statements  are  true ;  and  without  assuming 
both  it  is  impossible  to  explain  the  existing  contours  and  i^liefs 
of  the  surface. 

In  the  case  of  North  America,  the  form  of  the  old  nucleus  of 
Laurentian  rock  in  the  north  already  marks  out  that  of  the  finished 
continent,  and  the  successive  later  formations  have  been  laid  upon 
the  edges  of  this,  like  the  successive  loads  of  earth  dumped  over  an 
embankment.  But  in  order  to  give  the  great  thickness  of  the 
Palseozoic  sediments,  the  land  must  have  been  again  and  again 
submerged  and  for  long  periods  of  time.  Thus,  in  one  sense,  the 
continents  have  been  fixed  ;  in  another,  they  have  been  constantly 
fluctuating.  Hall  and  Dana  have  well  illustrated  these  points  in 
so  far  as  eastern  North  America  is  concerned.  Prof.  Hull  of  the 
Geological  Survey  of  Ireland  has  recently  had  the  boldness  to  i-e- 
duce  the  fluctuations  of  land  and  water  as  evidenced  in  the  British 
Islands  to  the  form  of  a  series  of  maps  intended  to  show  the 
physical  geography  of  each  successive  period.  The  attempt  is 
probably  premature,  and  has  been  met  with  much  adverse  criticism ; 
but  there  can  be  no  doubt  that  it  has  an  element  of  truth.    When 
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we  attempt  to  calculate  what  could  have  been  supplied  from  the 
old  Eozoic  nucleus  by  decay  and  aqueous  erosion,  and  when  we 
take  into  account  the  greater  local  thickness  of  sediments  towards 
the  present  sea-basins,  we  can  scarcely  avoid  the  conclusion  that 
extensive  areas  once  occupied  by  high  land  are  now  under  the  sea. 
But  to  ascertain  the  precise  areas  and  position  of  these  perished 
lands  may  now  be  impossible. 

In  point  of  fact  we  are  obliged  to  believe  in  the  contemporane- 
008  existence  in  all  geological  i>eriods,  except  perhaps  the  very 
oldest,  of  three  sorts  of  areas  on  the  surface  of  the  earth :  (1) 
Oceanic  areas  of  deep  sea,  which  must  always  have  occupied  the 
bed  of  the  present  ocean  or  parts  of  it ;  (2)  Continental  plateaus 
sometimes  existing  as  low  flats  or  as  higher  table-lands  and  some- 
times submerged ;  (3)  Areas  of  plication  or  folding,  more  es- 
pecially along  the  borders  of  the  oceans,  forming  elevated  lands 
rarely  submerged  and  constantly  affording  tiie  material  of  sedimen- 
tary accumulations. 

Every  geologist  knows  the  contention  which  has  been  occasioned 
by  the  attempts  to  correlate  the  earlier  Palaeozoic  deposits  of  the 
Atlantic  margin  of  North  America  with  those  forming  at  the 
same  time  on  the  interior  plateau,  and  with  those  of  intervening 
lines  of  plication  and  igneous  disturbance.  Stratigraphy,  lith- 
ology  and  fossils,  are  all  more  or  less  at  fault  in  dealing  with 
these  questions,  and  while  the  general  nature  of  the  problem  is 
anderstood  by  many  geologists,  its  solution  in  particular  cases  is 
still  a  source  of  apparently  endless  debate. 

The  causes  and  mode  of  operation  of  the  great  movements  of 
the  earth's  crust  which  have  produced  mountains,  plains  and  table- 
lands, are  still  involved  in  some  mystery.  One  patent  cause  is  the 
unequal  settling  oS  the  crust  toward  the  centre ;  but  it  is  not  so 
generally  understood  as  it  should  be,  that  the  greater  settlement 
of  the  ocean-bed  has  necessitated  its  pressure  against  the  sides  of 
the  continents  in  the  same  manner  that  a  huge  ice-floe  crushes  a 
ship  or  a  pier.  The  geological  map  of  North  America  shows 
this  at  a  glance,  and  impresses  us  with  the  fact  that  large  por- 
tions of  the  earth's  crust  have  not  only  been  folded  but  bodily 
pushed  back  for  great  distances.  On  looking  at  the  extreme 
north,  we  see  that  the  great  Laurentian  mass  of  central  Newfound- 
land has  acted  as  a  protecting  pier  to  the  space  immediately  west 
of  it,  and  has  caused  the  gulf  of  St.  Lawrence  to  remain  an  un- 
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disturbed  area  since  Palceozoic  limes.  Immediately  to  tbe  south 
of  this,  Nova  Scotia  and  New  Brunswick  are  folded  back.  Still 
farther  south,  as  Guyot  has  shown,  the  old  sediments  have  been 
crushed  in  sharp  folds  against  the  Adirondack  mass,  which  has 
sheltered  the  table-land  of  the  Catskills  and  of  the  great  lakes. 
South  of  this  again  the  rocks  of  Pennsylvania  and  Maryland  have 
been  driven  back  in  a  great  curve  to  the  west.  Nothing,  I  think, 
can  more  forcibly  show  the  enormous  pressure  to  which  the  edges 
of  the  continents  have  been  exposed,  and  at  the  same  time  the 
great  sinking  of  the  .ocean-beds.  Complex  and  difficult  to  calcu- 
late though  these  movements  of  plication  are,  they  are  more 
intelligible  than  the  apparently  regular  pulsations  of  the  flat  conti- 
nental areas,  whereby  they  have  alternately  been  below  and  above 
the  waters,  and  which  must  have  depended  on  somewhat  regularly 
recurring  causes,  connected  either  with  the  secular  cooling  of  the 
earth  or  with  the  gradual  retardation  of  its  rotation  or  with  both. 
Throughout  these  changes,  each  successive  elevation  exposed  the 
rocks  for  long  ages  to  the  decomposing  influence  of  the  atmos- 
phere. Each  submergence  swept  away  and  deposited  as  sediment 
the  material  accumulated  by  decay.  Every  change  of  elevation  was 
accompanied  with  changes  of  climate,  and  with  modifications  of 
the  habitats  of  animals  and  plants.  Were  it  possible  to  restore 
accurately  the  physical  geography  of  the  earth  in  all  these  re- 
spects, for  each  geological  period,  the  data  for  the  solution  of 
many  difficult  questions  would  be  furnished. 

It  is  an  unfortunate  circumstance  that  conclusions  in  geol- 
ogy arrived  at  by  the  most  careful  observation  and  induction  do 
not  remain  undisturbed,  but  require  constant  vigilance  to  prevent 
them  from  being  overthrown.  Sometimes,  of  course,  this  arises 
from  new  discoveries  throwing  new  light  on  oW  facts;  but  when 
this  occurs  it  rarely  works  the  complete  subversion  of  previously 
received  views.  The  more  usual  case  is  that  some  over  zealous 
specialist  suddenly  discovers  what  seems  to  him  to  overturn  all  pre- 
vious  beliefs,  and  rushes  into  print  with  a  new  and  plausible  theory 
which  at  once  carries  with  him  a  host  of  half  informed  people, 
but  the  insufficiency  of  which  is  speedily  made  manifest. 

Had  I  written  this  address  a  few  years  ago,  I  might  have  re- 
ferred to  the  mode  of  formation  of  coal  as  one  of  the  things  most 
surely  settled  and  understood.  The  labors  of  many  eminent  geol- 
ogists, microscopists  and  chemists  in  the  old  and  the  new  worlds 


Digitized  by 


Google 


PRESIDENT   DAWSON.  19 

had  shown  that  coal  nearly  always  rests  upon  old  soil  surfaces  pen- 
etrated with  roots,  and  that  coal-beds  have  in  their  roofs  erect  trees, 
the  remains  of  the  last  forests  that  grew  upon  them.  Logan  and  the 
writer  have  illustrated  this  in  the  case  of  the  series  of  more  than 
sixty  snccessive  coal  beds  exposed  at  the  South  Joggins,  and  have 
shown  unequivocal  evidence  of  land  surfaces  at  the  time  of  the 
deposition  of  the  coal.  Microscopical  examination  has  proved 
that  these  coals  are  composed  of  the  materials  of  the  same  trees 
whose  roots  are  found  in  the  underclays,  and  their  stems  and  leaves 
in  the  roof  shales ;  that  much  of  the  material  of  the  coal  has  been 
Bobjected  to  subaerial  decay  at  the  time  of  its  accumulation  ;  and 
that  in  this,  ordinary  coal  differs  from  bituminous  shale,  earthy 
bitumen  and  some  kinds  of  cannel,  which  have  been  formed  under 
water;  that  the  matter  remaining  as  coal  consists  almost  entirely 
of  epidermal  tissues,  which  being  suberose  in  character  are  highly 
carbonaceous,  very  durable  and  impermeable  by  water,®  and  are, 
hence,  the  best  fitted  for  the  production  of  pure  coal ;  and  finally 
that  the  vegetation  and  the  climat^l  and  geographical  features  of 
the  coal  period  were  eminently  fitted  to  produce  in  the  vast  swamps 
of  that  period,  precisely  the  efiects  observed.  All  these  points  and 
many  others  have  been  thoroughly  worked  out  for  both  European 
and  American  coal-fields,  and  seemed  to  leave  no  doubt  on  the 
subject.  But  several  years  ago  certain  microscopists  observed  on 
slices  of  coal  layers  filled  with  spore-cases,  a  not  unusual  cir- 
cumstance, since  these  were  shed  in  vast  abundance  by  the  trees 
of  the  coal  forests,  and  because  they  contain  suberose  matter 
of  the  same  character  with  epidermal  tissues  generally.  Immedi- 
ately we  were  informed  that  all  coal  consists  of  spores,  and  this 
being  at  once  accepted  by  the  unthinking,  the  results  of  the  labors 
of  many  years  are  thrown  aside  in  favor  of  this  crude  and  partial 
theory.  A  little  later,  a  German  microscopist  has  thought  proper 
to  describe  coal  as  made  up  of  minute  algse,  and  tries  to  reconcile 
this  view  with  the  appearances,  devising  at  the  same  time  a  new 
and  formidable  nomenclature  of  generic  and  specific  names,  which 
would  seem  largely  to  represent  mere  fragments  of  tissues.  Still 
later,  some  local  facts  in  a  French  coal-field  have  induced  an 
eminent  botanist  of  that  country  to  revive  the  drift  theory  of  coal, 
in  opposition  to  that  of  growth  in  situ.  A  year  or  two  ago,  when 
my  friend  Professor  Williamson  of  Manchester,  informed  me  that 
•Acadian  Geology,  third  edition,  Bnpplenient,p.  68. 
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be  was  preparing  a  large  series  of  slices  of  coal  with  the  view  of 
revising  the  whole  subject,  I  was  inclined  to  say  that  after  what 
had  been  done  by  Lyell,  Gocppert,  Logan,  Hunt,  Newberry  and 
myself,  this  was  scarcely  necessaiy ;  but  in  view  of  what  I  have 
just  stated,  it  may  be  that  all  he  can  do  will  be  required  to  rescue 
from  total  ruin  the  results  of  our  labors  even  should  he  make  no 
new  discoveries. 

An  illustration  of  a  different  character  is  afforded  by  the  contro- 
versy now  raging  with  respect  to  the  so-called  fucoids  of  the 
ancient  rocks.  At  one  time  the  group  of  fucoids  or  algae  consti- 
tuted a  general  place  of  refuge  for  all  sorts  of  unintelligible  forms 
and  markings ;  graptolites,  worm-trails,  crustacean  tracks,  shrink- 
age-cracks, and  above  all  rill-markings  forming  a  heterogeneous 
group  of  fucoidal  remains  distinguished  by  generic  and  specific 
names.  To  these  were  also  added  some  true  land  plants,  badly 
preserved  or  exhibiting  structures  not  well  understood  by  bota- 
nists. Such  a  group  was  sure  to  be  eventually  dismembered. 
The  writer  has  himself  done  something  toward  this,^  but  Pro- 
fessor Nathorst  has  done  still  more,*®  and  now  some  intelligible 
explanation  can  be  given  of  many  of  these  forms.  Quite  recently, 
however,  the  Count  de  Saporta,  in  an  elaborate  illustrated  memoir^^ 
has  come  to  the  defence  of  the  fucoids,  more  especially  against  the 
destructive  experiments  of  Nathorst,  and  would  carry  back  into 
the  vegetable  kingdom  many  things  which  would  seem  to  be 
mere  trails  of  animals.  While  writing  this  address,  I  have  re- 
ceived from  Professor  Cri6  of  Rennes,  a  paper  in  which  he  not 
only  supports  the  algal  nature  of  Eusichnites^  Arthrichnites  and 
many  other  supposed  fucoids,  but  claims  for  the  vegetable  king- 
dom even  Receptcuculites  and  Archceocyathua.  It  is  not  to  be 
denied  that  some  of  the  facts  which  he  cites  respecting  the 
structure  of  the  Siphonioe  and  of  certain  modern  encrusting  Alg<B 
are  veiy  suggestive,  though  I  cannot  agree  with  his  conclusions. 
My  own  experience  has  convinced  me  that,  while  non-botanical 
geologists  are  prone  to  mistake  all  kinds  of  markings  for  plants, 
even  good  botanists,  when  not  familiar  with  the  chemical  and 
mechanical  conditions  of  fossilization,  and  with  the  present  phe- 
nomena of  tidal  shores,  are  quite  as  easily  misled,  though  they 

*  PootprintB  and  Impressions  on  Carboniferous  Bocks,  Am.  Jour,  of  Science,  187S. 
i^Boyal  Swedish  Academy,  Stockholm,  1881. 
11  Apropos  des  Algaes  fossUes,  Paris,  1883. 
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are  very  prone  on  the  other  hand  to  regard  land  plants  of  some 
complexity,  when  badly  preserved,  as  mere  algae.  In  these  cir- 
cumstances it  is  very  difficult  to  secure  any  consensus,  and  the 
troth  is  only  to  be  found  by  careful  observation  of  competent  men. 
One  trouble  is  that  these  usually  obscure  markings  have  been  de- 
spised by  the  greater  number  of  palseontologists,  and  probably 
would  not  now  be  so  much  in  controversy  were  it  not  for  the  use 
made  of  them  in  illustrating  supposed  phylogenies  of  plants. 

It  would  be  wrong  to  close  this  address  without  some  reference 
to  that  which  is  the  vcntable  pons  asinorum  of  the  science,  the 
great  and  much  debated  glacial  period.  I  trust  that  3'ou  will  not 
suppose  that  in  the  end  of  an  hour's  address,  I  am  about  to  dis- 
cuss this  vexed  question.  Time  would  fail  me  even  to  name  the 
hosts  of  recent  authors  who  have  contended  in  this  arena.  I  can 
hope  only  to  point  out  a  few  landmarks  which  may  aid  the  geo- 
logical adventui"er  in  traversing  the  slippery  and  treacherous  sur- 
face of  the  h^'pothetical  ice-sheets  of  pleistocene  times,  and  in 
avoiding  the  yawning  crevasses  by  which  they  are  traversed. 

No  conclusions  of  geology  seem  more  certain  than  that  great 
changes  of  climate  have  occuned  in  the  course  of  geological  time, 
and  the  evidence  of  this  in  that  comparatively  modern  period 
which  immediately  preceded  the  human  age  is  so  striking  that  it 
has  come  to  be  known  as  preeminently  the  ice  age ;  while  in  the 
preceding  tertiary  periods,  temperate  conditions  seem  to  have  pre- 
vailed even  to  the  pole.  Of  the  many  theories  as  to  these  changes 
which  have  been  proposed,  two  seem  at  present  to  divide  the  suf- 
frages of  geologists,  either  alone  or  combined  with  each  other. 
These  are  (l)the  theory  of  the  precession  of  the  equinoxes  in  con- 
nection with  the  varying  eccentricity  of  the  earth's  orbit,  advo- 
cated more  especially  by  CroU  ;  and  (2)  the  different  distribution 
of  land  and  water  as  affecting  the  reception  and  radiation  of  heat 
and  the  ocean  currents,  a  theory  ably  propounded  by  Lyell,  and 
subsequently  extensively  adopted  either  alone  or  with  the  previous 
one.  One  of  these  views  may  be  called  the  astronomical,  the 
other  the  geographical.  I  confess  that  I  am  inclined  to  accept 
the  second  or  Lyellian  theory  for  such  reasons  as  the  following : 

(1)  Great  elevations  and  depressions  of  land  have  occurred  in  and 
since  the  Pleistocene,  while  the  alleged  astronomical  changes  are  not 
certain,  more  especially  in  regard  to  their  probable  effecton  theearth ; 

(2)  When  the  rival  theories  are  tested  by  the  present  phenomena 
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of  the  southern  polar  region  and  the  North  Atlantic,  there  seem 
to  be  geographical  causes  adequate  to  account  for  all  except  ex- 
treme and  unproved  glacial  conditions ;  (3)  The  astronomical 
cause  would  suppose  regularly  recurring  glacial  periods  of  which 
there  is  no  evidence,  and  it  would  give  to  the  latest  glacial  age  an 
antiquity  which  seems  at  variance  with  all  other  facts ;  (4)  In 
those  more  northern  regions  where  glacial  phenomena  aie  most 
pronounced,  the  theory  of  floating  sheets  of  ice,  with  local  glaciers 
descending  to  the  sea,  seems  to  meet  all  the  conditions  of  the 
case,  and  these  would  be  obtained,  in  the  North  Atlantic  at  least, 
by  very  moderate  changes  of  level,  causing,  for  example,  the  equa- 
torial current  to  flow  into  the  Pacific,  instead  of  running  north- 
ward as  a  gulf  stream  ;  (5)  The  geographical  theory  allows  the 
supposition  not  merely  of  vicissitudes  of  climate  quickly  follow- 
ing each  other  in  unison  with  the  movements  of  the  surface,  but 
allows  also  of  that  near  local  approximation  of  regions  wholly 
covered  with  ice  and  snow  and  others  compai*atively  temperate 
which  we  see  at  present  in  the  north. 

If,  however,  we  are  to  adopt  the  geographical  theory,  we  must 
avoid  extreme  views,  and  this  leads  to  the  inquiry  as  to  the  evi- 
dence to  be  found  for  any  such  universal  and  extreme  glaciation  as 
is  demanded  by  some  geologists. 

The  only  large  continental  area  in  the  northern  liemisphere  sup- 
posed to  be  entirely  ice-  and  snow-clad  is  Greenland,  and  this  so 
far  as  it  goes  is  certainly  a  local  case,  for  the  ice  and  snow  of 
Greenland  extend  to  the  south  as  far  as  60°  N.  latitude,  while 
both  in  Norway  and  in  the  interior  of  North  America  the  climate 
in  that  latitude  permits  the  growth  of  cereals.  Further,  Grinnel 
Land,  which  is  separated  from  North  Greenland  only  by  a  narrow 
sound,  has  a  comparatively  mild  climate,  and  as  Nares  has  shown 
is  covered  with  verdure  in  summer.  Still  further,  Nordenskiold, 
one  of  the  most  experienced  arctic  explorers,  holds  that  it  is  prob- 
able that  the  interior  of  Greenland  is  itself  veixlant  in  summer, 
and  is  at  this  moment  preparing  to  attempt  to  reach  this  interior 
oasis.  Nor  is  it  difficult  with  the  aid  of  the  facts  cited  by 
Woeickoflf  and  Whitney, ^^  to  perceive  the  cause  of  the  exceptional 
condition  of  Greenland.  To  give  ice  and  snow  in  large  quanti- 
ties, two  conditions  are  required  :  first,  atmospheric  humidity,  and, 
secondly,  cold  precipitating  regions.     Both  of  these  conditions 

>s  Memoir  on  Glaciers,  Geol.  Soc'y,  Berlin,  1881.   Climatic  Changes,  Boston,  1883. 
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meet  in  Greenland.  Its  high  coast  ranges  receive  and  condense 
the  humidity  from  the  sea  on  both  sides  of  it  and  to  the  south. 
Hence  the  vast  accumulation  of  its  coast  snow-fields,  and  the  in- 
tense discharge  of  the  glaciers  emptying  out  of  its  valleys. 
When  extreme  glacialists  point  to  Greenland  and  ask  us  to  believe 
tb&t  in  the  glacial  age  the  whole  continent  of  North  America  as 
far  south  as  the  latitude  of  40*^  was  covered  with  a  continental 
glacier,  in  some  places  several  thousands  of  feet  thick,  we  may 
well  ask  first  what  evidence  there  is  that  Greenland  or  even  the 
Antarctic  continent  at  present  shows  such  a  condition  ;  and,  sec- 
ondly, whether  there  exists  a  possibility  that  the  interior  of  a  great 
continent  could  ever  receive  so  large  an  amount  of  precipitation 
as  that  required.  So  far  as  present  knowledge  exists,  it  is  cer- 
tain that  the  meteorologist  and  the  physicist  must  answer  both 
questions  in  the  negative.  In  short,  perpetual  snow  and  glaciers 
must  be  local  and  cannot  be  continental,  because  of  the  vast 
amount  of  evaporation  and  condensation  required.  These  can 
only  be  possible  where  comparatively  warm  seas  supply  moisture 
to  cold  and  elevated  land,  and  this  supply  cannot  in  the  nature  of 
things  peneti'ate  far  inland.  The  actual  condition  of  interior  Asia 
and  interior  America  in  the  higher  noithern  latitudes  affords  posi- 
tive proof  of  this.  In  a  state  of  partial  submergence  of  our  north- 
ern continents,  we  can  readily  imagine  glaciation  by  the  combined 
action  of  local  glaciers  and  great  ico-fioes,  but  in  whatever  way  the 
phenomena  of  the  boulder  clay  and  of  the  so-called  terminal  mo- 
raines are  to  be  accounted  for,  the  theory  of  a  continuous  conti- 
nental glacier  must  be  given  up. 

I  cannot  better  indicate  the  general  bearing  of  facts,  as  they 
present  themselves  to  my  mind  in  connection  with  this  subject, 
than  by  referring  to  a  paper  by  Dr.  G.  M.  Dawson  on  the  distribu- 
tion of  drift  over  the  great  Canadian  plains,  east  of  the  Rocky 
moantains.i^  I  am  the  more  inclined  to  refer  to  this,  because  of 
its  recency,  and  because  I  have  so  often  repeated  similar  conclu- 
sions as  to  eastern  Canada  and  the  region  of  the  Great  Lakes. 

The  great  interior  plain  of  western  Canada,  between  the  Lau- 
rentian  axis  on  the  east  and  (be  Rocky  mountains  on  the  west, 
is  seven  hundred  miles  in  breadth,  and  is  covered  with  glacial  drift 
presenting  one  of  the  greatest  examples  of  this  deposit  in  the 
work}.  Proceeding  eastward  from  the  base  of  the  Rocky  moun- 
uScienoe,  July  1,1888. 
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tains,  the  surface,  at  first  more  than  4,000  feet  above  the  sea 
level,  descends  by  successive  steps  to  690  feet,  and  is  based  on 
Cretaceous  and  Laramie  rocks,  covered  by  boulder  clay  and  sand, 
in  some  places  from  one  hundi*ed  to  two  hundred  feet  in  depth, 
and  filling  up  preexisting  hollows,  though  itself  sometimes  piled 
into  ridges.  Near  the  Rocky  mountains  the  bottom  of  the  drift 
consists  of  gravel  not  glaciated.  This  extends  to  about  one  hun- 
dred miles  east  of  the  mountains,  and  must  have  been  swept  by 
water  out  of  their  valleys.  The  boulder  clay  resting  on  this  de- 
posit is  largely  made  up  of  local  debris,  in  so  far  as  its  paste  is 
concerned.  It  contains  many  glaciated  boulders  and  stones  from 
the  Lanrentian  region  to  the  east,  and  also  smaller  pebbles  from 
the  Rocky  mountains,  so  that  at  the  time  of  its  formation  there 
must  have  been  driftage  of  large  stones  for  seven  hundred  miles 
or  more  from  the  east,  and  of  smaller  stones  from  a  less  distance 
on  the  west.  The  former  kind  of  material  extends  to  the  base 
of  the  mountains,  and  to  a  height  of  more  than  4,000  feet.  One 
boulder  is  mentioned  as  being  42  X  40  X  20  feet  in  dimensions. 
The  highest  Lauren tian  boulders  seen  were  at  an  elevation  of  4,660 
feet  on  the  base  of  the  Rocky  mountains.  The  boulder  clay  when 
thick  can  be  seen  to  be  rudely  stratified,  and  at  one  place  in- 
cludes beds  of  laminated  clay  with  compressed  peat,  similar  to 
the  forest  beds  described  by  Worthen  and  Andrews  in  Illinois, 
and  the  so-called  interglacial  beds  described  by  Hinde  on  Lake 
Ontario.  The  leaf  beds  on  the  Ottawa  river  and  the  drift  trunks 
found  in  the  boulder  clay  of  Manitoba  belong  to  the  same  cate- 
gory, and  indicate  that  throughout  the  glacial  period  there  were 
many  forest  oases  far  to  the  north.  In  the  valleys  of  the  Rocky 
mountains  opening  on  these  plains  there  arc  evidences  of  large 
local  glaciers  now  extinct,  and  similar  evidences  exist  on  the 
Laurentian  highlands  on  the  east. 

Perhaps  the  most  remarkable  feature  of  the  region  is  that  im- 
mense series  of  ridges  of  drift  piled  against  an  escarpment  of 
Laramie  and  Cretaceous  rocks,  at  an  elevation  of  about  2,500 
feet,  and  known  as  the  ^^  Missouri  Coteau."  It  is  in  some  places 
30  miles  broad  and  180  feet  in  height  above  the  plain  at  its  foot, 
and  extends  north  and  south  for  a  great  distance ;  being  in  fact 
the  northern  extension  of  those  great  ridges  of  dnft  which  have 
been  traced  south  of  the  great  lakes,  and  through  Pennsylvania 
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and  New  Jersey,  and  which  figure  on  the  geological  maps  as  the 
edge  of  a  continental  glacier, — an  explanation  obviously  inai>- 
plicable  in  those  western  regions  where  they  attain  their  greatest 
development.  It  is  plain  that  in  the  noith  it  marks  the  western 
limit  of  the  deep  water  of  a  glacial  sea,  which  at  some  penods 
extended  much  farther  west,  perhaps  with  a  greater  proportionate 
depression  in  going  westward,  and  on  which  heavy  ice  from  the 
Laurentian  districts  on  the  east  was  wafted  southwestward  by 
the  arctic  currents,  while  lighter  ice  from  the  Rocky  Mountains 
was  being  borne  eastward  from  these  mountains  by  the  prevail- 
ing westerly  winds.  We  thus  have  in  the  west  on  a  very  wide 
scale  the  same  phenomena  of  varying  submergence,  cold  cur- 
rents, great  ice  floes  and  local  glaciers  producing  icebergs,  to 
which  I  have  attributed  the  boulder  clay  and  upper  boulder  drift 
of  eastern  Canada. 

A  few  subsidiary  points  I  may  be  pardoned  for  mentioning  here. 
The  rival  theories  of  the  glacial  period  are  often  characterized 
as  those  of  land  glaciation  and  sea-borne  icebergs.  But  it  must 
be  i-emembered  that  those  who  reject  the  idea  of  a  continental 
glacier  hold  to  the  existence  of  local  glaciers  on  the  high  lands, 
more  or  less  extensive  during  different  portions  of  the  great  Pleis- 
tocene submergence.  They  also  believe  in  the  extension  of  these 
glaciers  seawards,  and  partly  water-borne  in  the  manner  so  well 
explained  by  Mattieu  Williams,  in  the  existence  of  those  vast 
floes  and  fields  of  current  and  tide-borne  ice  whose  powers  of 
transport  and  erosion  we  now  know  to  be  so  great,  and  in  a  great 
submergence  and  reelevation  of  the  land  bringing  all  parts  of  it 
and  all  elevations  up  to  5,000  feet  successively  under  the  influence 
of  these  various  agencies,  along  with  those  of  the  ocean  currents. 
They  also  hold  that  at  the  beginning  of  the  glacial  submergence, 
the  land  was  deeply  covered  by  decomposed  rock,  similar  to  that 
which  still  exists  on  the  hills  of  the  southern  states,  and  which  as 
Dr.  Hunt  has  shown  would  afford  not  only  earthy  debris  but  large 
quantities  of  boulders  ready  for  transportation  by  ice. 

I  would  also  remark  that  there  has  been  the  greatest  possible 
exaggeration  as  to  the  erosive  action  of  land  ice.  In  1865, 
after  a  visit  to  the  Alpine  glaciers,  T  maintained  that  in  these 
mountains  glaciers  are  relatively  protective  rather  than  erosive 
agencies,  and  that  the  detritus  which  the  glacier  streams  deliver 
is  derived  mostly  from  the  atmospherically   wasted  peaks  and 
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clifTIs  that  project  above  them.  Since  that  time  many  other  ob- 
servers have  maintained  like  views,  and  very  recently  Mr.  Davis 
of  Cambridge  and  Mr.  A.  Irving  have  ably  ti*eated  this  subject. ^^ 
Smoothing  and  striation  of  rocks  are  undoubtedly  important  effects 
both  of  land-glaciers  and  heavy  sea-borne  ice,  but  the  levelling 
and  filling  agency  of  these  is  much  greater  than  the  erosive.  As 
a  matter  of  fact,  as  Newberry,  Ilunt,  Belt,  Spencer  and  others  have 
shown,  the  glacial  age  has  dammed  up  vast  numbers  of  old  channels 
which  it  has  been  left  for  modern  streams  partially  to  excavate. 

The  till  or  boulder  clay  has  been  called  a  "  ground  moraine," 
but  there  are  really  no  Alpine  moraines  at  all  corresponding  to  it. 
On  the  other  hand,  it  is  more  or  less  stratified,  often  rests  on  soil 
materials  which  glaciers  would  have  swept  away,  sometimes  con- 
tains marine  shells,  or  passes  into  marine  clays  in  its  horizontal 
extension,  and  invariably  in  its  embedded  bouldei*s  and  its  paste, 
shows  an  unoxidized  condition,  which  could  not  have  existed  if  it 
had  been  a  subaerial  deposit.  When  the  Canadian  till  is  excavated 
and  exposed  to  the  air,  it  assumes  a  brown  color,  owing  to  oxida- 
tion of  its  iron,  and  many  of  its  stones  and  boulders  break  up 
and  disintegrate  under  the  action  of  air  and  frost.  These  are 
unequivocal  signs  of  a  subaqueous  deposit.  Here  and  there  we 
find  associated  with  it,  and  especially  near  the  bottom  and  at  the 
top,  indications  of  powerful  water  action,  as  if  of  land  torrents 
acting  at  particular  elevations  of  the  land,  or  heavy  surf  and  ice 
action  on  coasts,  and  the  attempts  to  explain  these  by  glacial 
streams  have  been  far  from  successful.  A  singular  objection 
sometimes  raised  against  the  subaqueous  origin  of  the  till  is  its 
general  want  of  marine  remains ;  but  this  is  by  no  means  universal, 
and  it  is  well  known  that  coarse  conglomerates  of  all  ages  are 
generally  destitute  of  fossils,  except  In  their  pebbles,  and  it  is 
further  to  be  observed  that  the  conditions  of  an  ice-laden  sea  are 
not  those  most  favorable  for  the  extension  of  marine  life,  and  that 
the  period  of  time  covered  by  the  glacial  age  must  have  been  short 
compared  with  that  represented  by  some  of  the  older  formations. 

This  last  consideration  suggests  a  question  which  might  afiTord 
scope  for  another  address  of  an  hour's  duration, — the  question  how 
long  time  has  elapsed  since  the  close  of  the  glacial  period.  Re- 
cently the  opinion  has  been  gaining  ground  that  the  close  of  the 

**  Proceedings  Boston  Soo.  Nat.  Hist.,  XXII.  Jonrnal  of  Geoloffloal  Society,  Fdbra* 
ary,1883. 
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ice-age  is  very  recent.  Such  reasons  as  the  following  lead  to  this 
conclusion.  The  amount  of  atmospheric  decay  of  rocks  and  of 
denudation  in  general  which  have  occurred  since  the  close  of  the 
glacial  period  are  scarcely  appreciable.  Little  erosion  of  river 
valleys  or  of  coast  terraces  has  occurred.  The  calculated  reces- 
sion of  waterfalls  and  of  production  of  lake  ridges  lead  to  the 
same  conclusion.  So  do  the  recent  state  of  bones  and  shells  in 
the  Pleistocene  deposits  and  the  perfectly  modern  facies  of  their 
fossils.  On  such  evidence  the  cessation  of  the  glacial  cold  and 
settlement  of  our  continents  at  their  present  levels  are  events 
which  may  have  occurred  not  more  than  6000  or  7000  years  ago, 
though  such  time  estimates  are  proverbially  uncertain  in  geology. 
This  subject  also  carries  with  it  the  greatest  of  all  geological 
problems,  next  to  that  of  the  origin  of  life,  namely,  the  origin  and 
early  history  of  man.  Such  questions  cannot  be  discussed  in  the 
closing  sentences  of  an  hour's  address.  I  shall  only  draw  from  them 
one  practical  inference.  Since  the  comparatively  short  Post- 
glacial and  recent  periods  apparently  include  the  whole  of  human 
history,  we  are  but  new  comers  on  the  earth  and  therefore  have 
had  little  opportunity  to  solve  the  great  problems  which  it  presents 
to  as.  But  this  is  not  all.  Geology  as  a  science  scarcely  dates 
from  a  century  ago.  We  have  reason  for  surprise  in  these  cir- 
camstances,  that  it  has  learned  so  much,  but  for  equal  surprise 
that  so  many  pei*sons  appear  to  think  it  a  complete  and  full-grown 
science  and  that  it  is  entitled  to  speak  with  confidence  on  all  the 
great  mysteries  of  the  earth  that  have  been  bidden  from  the  gener- 
ations before  us.  Such  being  the  newness  of  man  and  of  his 
science  of  the  earth,  it  is  not  too  much  to  say  that  humility,  hard 
work  in  collecting  facts,  and  abstinence  from  hasty  generalization 
should  characterize  geologists,  at  least  for  a  few  generations  to 
come. 

In  conclusion,  science  is  light,  and  light  is  ^ood ;  but  it  must 
be  earned  high,  else  it  will  fail  to  enlighten  the  world.  Let  us 
strive  to  raise  it  high  enough  to  shine  over  every  obstruction 
which  casts  any  shadow  on  the  true  interests  of  humanity.  Above 
all,  let  us  hold  up  the  light  and  not  stand  in  it  ourselves. 
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A  Classication  op  the  Natxtral  Sciences.    By  T.  Sterrt  Hunt 
of  Montreal,  Can. 

[ABSTRACT.] 

To  frame  a  rational  classification  of  the  natural  sciences,  and  to 
define  their  mutual  relations,  has  often  been  attempted.  The 
present  writer,  in  an  essay  read  before  the  National  Academy  of 
Sciences  in  April,  1881,  and  published  in  the  L.E,  &  D.  Philo 
sophical  JJagaziney  for  October,  1881,  with  the  title  of  ''The  Domain 
of  Physiology,"  suggested  the  basis  of  such  a  scheme,  and  he  now, 
at  the  request  of  some  of  his  readers,  ventures,  for  the  first  time, 
to  embody  in  a  concise  and  tabulated  form  the  views  then  and 
there  enunciated,  in  the  hope  that  other  students  may  find  it  not 
unworthy  of  their  notice. 

The  study  of  material  nature  constitutes  what  the  older  schol- 
ars correctly  and  comprehensively  termed  physics  (the  words 
physical  and  natural  being  synonymous)  and  presents  itself  in  a 
twofold  aspect :  — first,  as  descriptive ;  and,  second,  as  philosoph- 
ical, —  a  distinction  embodied  in  the  terms  Naturnl  History  and 
Natural  Philosophy,  or,  more  concisely,  in  the  words  Physiography 
and  Physiology.  The  latter  word  has,  from  the  time  of  Aristotle, 
been  employed,  in  this  general  sense,  to  designate  the  philosophi- 
cal study  of  nature,  and  will  so  be  used  in  the  present  classifica- 
tion. 

The  world  of  nature  is  divided  into  the  inorganic  or  mineralogl- 
cal,  and  the  organic  or  biological,  kingdoms ;  the  division  of  the 
latter  into  vegetable  and  animal  being  a  subordinate  one.    The 
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natural  history,  or  physiography,  of  the  inorganic  kingdom,  takes 
cognizance  of  the  sensible  characters  of  chemical  species,  and  gives 
us  descriptive  and  systematic  mineralogy,  which  have  hitherto 
been  restricted  to  native  species,  but,  in  their  wider  sense,  include 
all  artificial  species  as  well.  The  study  of  native  mineral  species, 
their  aggregations,  and  their  arrangement  as  constituents  of  our 
planet,  is  the  object  of  geognosy  and  physical  geography.  The 
physiography  of  other  worlds  gives  rise  to  descriptive  astronomy. 

The  natural  philosophy  of  the  inorganic  kingdom,  or  mineral 
physiology,  is  concerned,  in  the  first  place,  with  what  is  generally 
called  dynamics  or  physics  ;  including  the  phenomena  of  ordinary 
motion,  sound,  temperature,  radiant  energy,  electricity,  and  mag- 
netism. Dynamics,  in  the  abstract,  regards  matter  in  general, 
without  relation  to  species ;  chemism  generates  therefrom  minei-al- 
ogical  or  so-called  chemical  species,  which,  theoretical I3',  may  be 
supposed  to  be  formed  from  a  single  elemental  substance  or 
materia  prima,  by  the  cliemical  process.  Dynamics  and  chemistry 
build  up  our  inorganic  world,  giving  rise  to  geogeny,  and,  as  ap- 
plied to  other  worlds,  to  theoretical  astronomy. 

Proceeding  now  to  the  organic  kingdom,  its  physiographical 
study  leads  us  first  to  organography,  and  then  to  descriptive  and 
systematic  botany  and  zoology,  two  great  subdivisions  of  natural 
history.  Coming,  next,  to  consider  the  physiological  aspects  of 
organic  nature,  we  find,  besides  the  dynamical  and  chemical  activ- 
ities manifested  in  the  mineral,  other  and  higher  ones  which  char- 
acterize the  organic  kingdom.  Ou  this  higher  plane  of  existence, 
are  found  portions  of  matter  which  have  become  individualized, 
exhibit  irritability,  the  power  of  growth  by  assimilation,  and  of 
reproduction,  and  moreover  establish  relations  with  the  external 
world  by  the  development  of  organs ;  all  of  which  characters  are 
foreign  to  the  mineral  kingdom.  These  new  activities  are  often 
designated  as  vital ;  but  since  this  word  is  generally  made  to 
include  at  the  same  time  other  manifestations,  which  are  simply 
(lynamical  or  chemical,  I  have  elsewhere  proposed  for  the  activities 
characteristic  of  the  organism  the  term  biotics  (/9jor«oc,  pertain- 
ing to  life).  The  physiology  of  matter  in  the  abstract  is  dynami- 
cal, that  of  mineral  species  is  both  dynamical  and  chemical,  while 
that  of  organized  forms  is  at  once  dynamical,  chemical,  and  bioti- 
cal.  The  study  of  the  biotical  activities  of  matter  leads  to  organo- 
geny and  morphology,  while  the  relations  of  organisms  to  one  an- 
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oilier,  and  to  the  inorganic  kingdom,  give  us  physiological  botany 
and  zoology.  We  thus  arrive  at  a  comprehensive  and  simple 
scheme  of  the  natural  sciences,  which  I  have  endeavored  to  set  forth 
in  the  subjoined  table. 
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The  eyidencb  for  evolution  in  the  history  of  the  extinct 
Mammalia.    By  E.  D.  Cope,  of  Philadelphia,  Pa. 

The  subject  to  which  I  wish  to  call  your  attention  this  morning 
requires  neither  preface  nor  apology,  as  it  is  one  with  the  discus- 
sion of  which  you  are  perfectly  familiar.  My  object  in  bringing  it 
before  the  general  session  of  the  association  is  in  view  of  the 
fact  that  you  are  all  familiar  with  it  in  a  general  way,  and  that 
it  probably  interests  the  members  of  sections  who  do  not  pur- 
sue the  special  branch  to  which  it  refers,  as  well  as  those  who 
do:  also  since  it  has  been  brought  before  us  in  various  public 
addresses  for  many  years,  during  the  meetings  of  this  association, 
I  thought  it  might  be  well  to  be  introduced  at  this  meeting,  in 
order  that  we  might  not  omit  to  have  all  the  sides  of  this  interest- 
ing question  presented. 

The  interests  which  are  involved  in  it  are  large :  they  are  chiefly, 
however,  of  a  mental  and  metaphysical  character ;  they  do  not  refer 
so  much  to  industrial  and  practical  interests,  nor  do  they  involve 
questions  of  applied  science.  They  involve,  however,  questions 
of  opinion,  questions  of  belief,  questions  which  aflect  human  hap- 
piness, I  venture  to  say,  even  more  than  questions  of  applied 
science ;  certainly,  which  affect  the  happiness  of  the  higher  grades 
of  men  and  women  more  than  food  or  clothing,  because  they  relate 
to  the  states  of  our  mind,  explaining  as  they  do  the  reasons  of  our 
relations  to  our  fellow-beings,  and  to  all  other  things  by  which  we 
are  surrounded,  and  the  general  system  of  the  forces  by  which  we 
are  controlled.  So  it  has  always  appeared  to  me :  hence  I  have 
selected  the  department  of  biology,  and  have  taken  a  great  interest 
in  this  aspect  of  it. 

'  The  doctrine  of  evolution,  as  taught  by  the  biologists  of  to-day, 
has  several  stages  or  parts  of  its  presentation.  First,  the 
foundation  principle  is  this :  that  the  species  of  animals  and  of 
plants,  the  species  of  organic  beings,  as  well  as  the  various  natural 
divisions  into  which  these  organic  beings  fall,  have  not  always 
been  as  we  see  them  to-day,  but  they  have  been  produced  b}'  a 
process  of  change  which  has  progressed  from  age  to  age  through 
the  influence  of  natural  laws ;  that,  therefore,  the  species  which 
now  exist  are  the  descendants  of  other  species  which  have  existed 
heretofore,  by  the  ordinary  processes  of  reproduction ;  and  that  all 
the  various  structures  of  organic  beings,  which  make  them  what 
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they  are,  and  which  compel  them  to  act  as  they  now  act,  are  the 
result  of  gradual  or  sudden  modifications  and  changes  during  the 
periods  of  geologic  time.  That  is  the  first  phase  or  aspect  whicli 
meets  the  naturalist  or  biologist. 

Another  phase  of  the  question  relates  to  the  origin  of  that  life 
itself  which  is  supposed  to  inhabit  or  possess  organic  beings.  There 
is  an  hypothesis  of  evolution  which  derives  this  life  from  no-life, 
which  derives  vitality  from  non-vitality.  That  is  another  branch 
of  the  subject,  to  which  I  cannot  devote  much  attention  to-day. 

There  is  still  another  department  of  the  subject,  which  relates  to 
the  origin  of  mind,  and  which  derives  the  mental  organization  of 
the  higher  animals,  especially  of  man,  from  preexistent  types  of 
mental  organization.  This  gives  us  a  genealogy  of  mind,  a  his- 
tory of  the  production  or  creation  of  mind,  as  it  is  now  presented 
in  its  more  complex  aspects  as  a  function  of  the  human  brain. 
This  aspect  of  the  subject  is,  of  course,  interesting ;  and  upon  that 
I  can  touch  with  more  confidence  than  upon  the  question  of  the 
origin  of  life. 

Coming  now  to  the  question  of  the  origin  of  structures,  we  have 
by  this  time  accumulated  a  vast  number  of  facts  which  have  been 
collated  by  laborious  and  faithful  workers,  in  many  countries  and 
daring  many  years ;  so  that  we  can  speak  with  a  good  deal  of  con- 
fidence on  this  subject  also.  As  to  the  phenomena  which  meet  the 
student  of  zoology  and  botany  at  every  turn,  I  would  merely 
repeat,  what  everyone  knows, —  and  I  beg  pardon  of  my  biological 
friends  for  telling  them  a  few  well-known  truths,  for  there  may  be 
those  present  who  are  not  in  the  biological  section, —  the  phenom- 
ena which  meet  the  student  of  biology  come  under  two  leading  class- 
es. The  first  is  the  remarkable  fidelity  of  species  in  reproducing 
their  like.  *'Like  produces  like,"  is  the  old  theorem,  and  is  true  in 
a  great  many  cases  ;  just  as  coins  are  struck  from  the  die,  just  as 
castings  are  turned  out  from  a  common  mould.  It  is  one  of  the 
most  wonderful  phenomena  of  nature,  that  such  complex  organ- 
isms, consisting  of  so  many  parts,  should  be  repeated  from  age  to 
ige,  and  from  generation  to  generation,  with  such  surprising  fidel- 
ity and  precision.  This  fact  is  the  first  that  strikes  the  student  of 
these  sciences.  The  first  impression  of  the  ordinary  person 
wonld  be,  that  these  things  must  continue  unchanged.  When  I  be- 
gan to  study  zoology  and  botany,  I  was  surprised  to  find  there  was 
i  science  of  which  I  had  no  conception,  and  that  was  this  remarkable 
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reproduction  of  t3'pes  one  after  another  in  continued  succession. 
After  a  man  has  had  this  idea  thoroughly  assimilated  by  his  honest 
and  conscientious  studies,  he  will  be  again  struck  with  another 
class  of  facts.  He  will  find,  not  unfrequently,  that  this  doctrine 
does  not  apply.  He  will  find  a  series  of  facts  which  show  that 
many  individuals  fail  to  coincide  with  their  fellows  precisely,  the 
most  remarkable  variations  and  the  most  remarkable  half-waj*  atti- 
tudes and  double-sided  aspects  occurring  ;  and  he  w  ill  come  to  the 
conclusion,  sooner  or  later,  that  like  does  not  produce  like  in  some 
animals  with  the  same  precision  and  fidellt3'  with  which  it  is  accom- 
plished in  other  animals.  So  that  we  have  these  two  classes  of 
facts, — the  one  relating  to,  and  expressing,  the  law  of  heredity; 
the  other,  which  expresses  the  law  of  variation.  I  should  not  like 
to  say  which  class  of  facts  is  the  most  numerously  presented  to 
the  student.  In  the  present  fauna  we  find  many  groups  of  species 
and  varieties  ;  but  exactly  how  many  species  we  have,  how  many 
genera  and  families  we  have,  we  cannot  definitely  state.  The  more 
precise  and  exact  a  person  is  in  his  definition  and  in  his  analysis, 
the  more  definite  his  science  becomes,  and  the  more  precise  and 
scientific  his  work.  Biology  is  a  science  of  analysis  of  forms. 
What  the  scales  are  to  the  chemist  and  the  physicist,  the  rule 
and  measure  are  to  the  biologist.  It  is  a  question  of  dimension, 
a  question  of  length  and  breadth  and  thickness,  a  question  of 
curves,  a  question  of  crooked  shapes  or  simple  shapes, — rarely 
simple  shapes,  mostly  crooked,  generally  bilateral.  It  requires 
that  one  should  have  a  mechanical  eye,  and  should  have  also 
something  of  an  artistic  ej-e,  to  appreciate  these  forms,  to  measure 
them,  and  to  be  able  to  compare  and  weigh  them. 

Now,  when  we  come  to  arrange  our  shapes  and  our  measure- 
ments, we  find,  as  I  said  before,  a  certain  number  of  identities,  and 
a  certain  number  of  variations.  This  question  of  variation  is  so 
common  and  so  remarkable,  that  it  becomes  perfectly  evident  to 
the  specialist  in  each  department,  that  like  does  not  at  all  times 
produce  like.  It  is  perfectly  clear,  and  I  will  venture  the  asser- 
tion that  nearly  all  the  biologists  in  this  room  will  bear  me  witness, 
that  variability  is  practically  unlimited  in  its  range,  and  multiplied 
in  the  number  of  its  examples.  That  is  to  say  ;  species  vary  by 
adding  or  by  failing  to  retain  certain  characteristics  ;  and  generic 
and  other  characters  are  found  to  appear  or  disappear  in  accordance 
with  some  law  to  be  discussed  farther  on. 
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I  believe  that  this  is  the  simplest  mode  of  stating  and  explain- 
ing the  law  of  variation  :  tliat  some  forms  acquire  sometliing  which 
their  parents  did  not  possess  ;  and  that  those  which  acquire  some- 
thing additional  have  to  pass  through  more  numerous  stages  than 
their  ancestors ;  and  those  which  lose  something  pass  through 
fewer  stages  than  their  ancestors ;  and  these  processes  are  ex- 
pressed by  the  terms  ''acceleration"  and  "retardation." 

Of  course  we  are  met  with  the  opposite  side  of  the  case, — the 
law  of  heredity.  We  are  told  that  the  facts  there  are  not  accounted 
for  by  any  law  of  evolution  ;  that  we  cannot  pass  from  one  class  of 
facts  to  the  other  class  of  facts ;  that  the  law  of  the  one  class  is 
not  that  of  the  other.  Here  is  a  question  of  rational  processes,  of 
ordinary  reason.  If  the  rules  of  chemistry  are  true  in  America,  I  im- 
agine they  are  true  in  Australia  and  Africa,  although  I  have  not 
been  there  to  see.  If  the  law  of  gravitation  is  effective  here,  I  do 
not  need  to  go  to  Australia  or  New  Zealand  to  ascertain  whether  it 
be  true  there.  So,  if  we  find  in  a  group  of  animals  a  law  sufficient  to 
account  for  their  creation,  it  is  not  necessary  to  know  that  others 
of  their  relatives  have  gone  through  a  similar  process.  I  am  will- 
ing to  allow  the  ordinary  practical  law  of  induction,  the  practical 
law  of  inference,  to  carry  me  over  these  gaps,  over  these  interrup- 
tions. And  I  state  the  case  in  this  way,  because  it  is  just  here  that 
some  people  differ  from  me,  and  it  is  just  here  that  I  say  the  simple 
question  of  rationality  comes  in.  I  cannot  believe  that  nature's 
laws  are  so  dissimilar,  so  irregular,  so  inexact,  that  those  which  we 
can  see  and  understand  in  one  place  are  not  true  in  another ;  I  also 
believe  that  the  question  of  geological  likelihood  is  similar  to  the 
question  of  geographical  likelihood.  If  a  given  process  be  true  in 
one  of  the  geological  periods,  it  is  true  in  another ;  if  it  be  true  in 
one  part  of  the  world,  it  is  true  in  another ;  because  I  find  interrup- 
tions in  the  series  here,  it  does  not  follow  that  their  need  be  inter- 
ruptions clear  through  from  age  to  age.  The  assumption  is  on  the 
side  of  the  man  who  asserts  that  transitions  have  not  taken  place 
between  forms  which  are  now  distinct. 

We  are  told  that  we  find  no  sort  of  evidence  of  that  transition 
in  past  geological  periods ;  we  are  assured  that  such  changes  have 
not  taken  place ;  we  are  even  assured  that  no  such  sign  of  such 
transition  from  one  species  to  another  has  ever  been  observed, — a 
most  astonishing  assertion  to  make  to  a  biologist,  or  by  a  biolo- 
gist; and  such  persons  have   even  the  temerity  to  cite  special 
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cases,  as  between  the  wolf  and  the  dog.  Many  of  onr  domestic 
dogs  are  notliing  but  wolves,  which  have  been  modified  by  the 
hand  of  man  to  a  very  sliglit  extent  indeed.  Many  dogs,  in  fact 
nearly  all  dogs,  are  descendants  of  wild  species  of  various  coun- 
tries, and  are  variously  modified. 

To  take  the  question  of  the  definition  of  species.  Supposing 
we  have  several  species  well  defined,  say  four  or  five.  In  the 
process  of  investigation  we  obtain  a  larger  number  of  individuals, 
many  of  which  betray  characters  which  invalidate  the  definitions. 
It  becomes  necessary  to  unite  the  four  or  five  species  into  one. 
And  so,  then,  because  our  system  requires  that  we  shall  have  ac- 
curate definitions  (the  whole  basis  of  the  system  is  definitions ;  yon 
know  the  very  comprehension  of  the  subject  requires  definitions),  we 
throw  them  all  together,  l>ecanse  we  cannot  define  all  the  various 
special  forms  as  we  did  before,  until  we  have  but  one  species.  And 
the  critic  of  the  view  of  evolution  tells  us,  '*  I  told  you  so !  There  is 
but  one  species,  after  all.  There  is  no  such  thing  as  a  connection 
between  species :  you  never  will  find  it."  Now,  how  many  dis- 
coveries of  this  kind  will  be  necessary  to  convince  the  world  that 
there  are  connections  between  species?  How  long  are  we  to  go  on 
finding  connecting  links,  and  putting  them  together,  as  we  have  to 
do  for  the  sake  of  the  definition,  and  then  be  told  that  we  have, 
nevertheless,  no  in  termed  late  forms  bet  ween  species?  The  matter 
is  too  plain  for  further  comment.  We  throw  them  together,  simply 
because  our  definitions  require  it.  If  we  knew  all  the  known  indi- 
viduals which  have  lived,  we  should  have  no  species,  we  should 
have  no  genera.  That  is  all  there  is  of  it.  It  is  simply  a  ques- 
tion of  a  universal  accretion  of  material,  and  the  collection  of 
information.  I  do  not  believe  that  the  well-defined  groups  will  be 
found  to  run  together,  as  we  call  it,  in  any  one  geological  period, 
certainly  in  no  one  recent  period.  We  recognize,  however,  in 
looking  backwards  that  they  converge  to  a  wonderful  extent :  one 
group  has  diverged  at  one  period,  and  another  one  has  become  di- 
versified in  a  difierent  period  ;  and  so  each  one  has  its  history,  some 
beginning  farther  back  than  others,  some  reaching  far  back  beyond 
the  very  beginning  of  the  time  when  fossils  could  be  preserved. 
I  call  attention  to  this  view  because  it  is  a  very  easy  matter  for  as 
to  use  words  for  the  purpose  of  confusing  the  mind  ;  for,  next  to 
the  power  of  language  to  express  clear  ideas,  is  its  power  of  ex- 
pressing no  ideas  at  all.    As  we  all  know,  we  can  9ay  many  things 
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which  we  cannot  think.  It  is  a  very  easy  thing  to  say  twice  two 
are  equal  to  six,  but  it  is  impossible  to  think  it. 

I  would  cite  what  I  mean  by  variations  of  species  in  one  of  its 
phases :  I  mention  a  genus  of  snakes,  Opbibolus,  which  is  found 
in  the  United  States.  If  we  take  the  species  of  this  snake-genus 
as  found  In  the  northern  states,  we  have  a  good  many  species  well 
defined.  If  we  go  to  the  gulf  states,  and  examine  our  material, 
we  see  we  have  certain  other  species  well  defined,  and  they  are 
very  nicely  distinguished.  If,  now,  we  go  to  the  Pacific  coast,  to 
Arizona  and  New  Mexico,  we  shall  find  another  set  of  species 
well  defined  indeed.  If  we  take  all  these  diflferent  tyi^es  of  our 
specimens  of  difiei'ent  localities  together,  our  species,  as  the  Ger- 
mans say,  all  tumble  together :  definitions  disappear,  and  we  have 
to  recognize,  out  of  the  preliminary  list  of  thirteen  or  fourteen, 
only  four  or  five.  That  is  simply  a  case  of  the  kind  of  fact  with 
which  every  biologist  is  perfectly  familiar. 

When  we  come  to  the  history  of  the  extinct  forms  of  life,  it  is 
perfectly  true  tliat  we  cannot  observe  the  process  of  descent 
in  actual  operation,  because,  forsooth,  fossils  are  necessarily  dead. 
We  cannot  peix^ive  any  activities,  because  fossils  have  ceased  to 
act.  But,  if  this  doctrine  be  true,  we  should  get  the  series,  if  there 
be  such  a  thing ;  and  we  do,  as  a  matter  of  fact,  find  longer  or 
shorter  series  of  structures,  series  of  organisms  proceeding  from 
one  form  into  another  form,  which  are  exactly  as  they  ought  to  be 
if  this  process  of  development  by  descent  had  taken  place. 

I  am  careful  to  say  this ;  because  it  is  literally  tine,  as  we  all 
must  admit,  that  species  must  fall  into  some  kind  of  order  or 
other.  Yon  could  not  collect  bottles,  you  could  not  collect  old 
shoes,  but  you  could  make  some  kind  of  a  serial  order  of  them. 
There  are,  no  doubt,  characters  by  which  such  and  such  shoes  could 
be  distinguished  from  other  shoes,  these  bottles  from  other  bottles. 
But  if  serial  order  does  not  prove  evolution,  as  is  too  often  as- 
samed,  we  have  in  recent  forms  of  life  in  zoology  and  botany, 
irrefragable  pix)ofs  of  the  metamorphoses,  and  transformations, 
and  changes  of  the  species,  in  accordance  with  the  doctrine  with 
which  we  commenced. 

We  now  come  to  the  second  chapter  of  our  subject.  With  the 
assumption,  as  I  take  it  already  satisfactorily  proven,  of  si)ecies 
having  changed  into  others,  in  considering  this  matter  of  geo- 
logical succession  or  biological  succession,  I  bring  you  face  to 
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face  with  the  nature  and  mode  of  the  change ;  and  hence  we  may 
get  a  glance  perhaps  at  Its  laws. 

I  have  on  the  board  a  sketch  or  table  which  represents  the 
changes  which  took  place  in  certain  of  the  mammalia.  I  give  jou 
a  summary  of  the  kind  of  thing  which  we  find  in  one  of  the  branches 
of  paleontology.  I  have  here  two  figures,  one  representing  a  res- 
toration, and  the  other  an  actual  picture,  of  two  extinct  species 
that  belong  to  the  early  eocene  periods.  One  represents  the  an- 
cestor of  the  horse  line,  Hyracotherium,  which  has  four  toes  on  his 
anterior  feet,  and  three  behind  ;  and  the  other,  a  type  of  animal, 
Phenacodus,  which  is  antecedent  to  all  the  horse  series,  the  elephant 
series,  the  hog,  the  rhinoceros,  and  all  the  other  series  of  hoofed 
animals.  It  has  five  toes  on  all  the  feet.  Each  presents  us  with 
the  primitive  position  in  which  their  series  first  come  to  our 
knowledge  in  the  history  of  geological  time. 

J  have  also  arranged  here  a  series  of  some  leading  forms  of  the 
three  principal  eix)ch8  of  the  mesozoic  times,  and  six  of  the  lead- 
ing ones  of  the  tertiary  time.  I  have  added  some  dales  to  show 
you  the  time  when  the  faunse  which  are  entombed  in  those  beds 
were  discovered,  in  the  course  of  our  studies ;  and  you  will  easily 
see  how  unsafe  it  is  to  say  that  any  given  type  of  life  has  never  ex- 
isted, or  even  to  assert  that  such  and  such  a  form  is  unknown  ;  and 
it  is  still  more  unsafe,  I  think,  to  assert  that  any  given  form  of  life 
properly  defined,  or  that  a  si)ecific  intermediate  form  of  life,  will  not 
be  found.  I  think  it  is  much  safer  to  assert  that  such  and  such  in- 
termediate forms  will  be  found.  I  have  frequently  had  the  pleasure 
of  realizing  anticipations  of  this  kind..  I  have  asserted  that  certain 
types  would  be  found,  and  they  have  been  found.  You  will  see 
that  I  attend  to  the  matter  of  time  because  there  have  been  a 
great  many  things  discovered  in  tbe  last  ten  or  fifteen  years  in 
this  department.  With  these  forms  I  give  the  date  of  the  discovery 
of  the  fauna  in  which  they  are  embraced. 

Here  we  have  the  White-River  fauna  discovered  in  1856  ;  then  we 
skip  a  considerable  period  of  time,  and  the  next  one  was  in  1869, 
when  the  cretaceous  series  was  found.  Six  or  seven  cretaceous 
faunae  have  been  discovered.  Then  we  have  the  Bridger  fauna 
in  1870,  the  Wasatcli  fauna  in  1874.  Next  we  have,  in  1877,  the 
Equus  beds  and  the  fauna  which  they  embrace,  part  of  which  was 
also  found  in  1878.  The  Permian  fauna,  which  is  one  of  the  last, 
in  1879  ;  and  the  latest,  the  Puerco,  which  gives  the  oldest  and  ances- 
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tral  types  of  the  modern  forms  of  mammalia,  was  only  found  in  1881. 
When  I  first  commenced  the  study  of  this  subject,  about  18G0, 
there  were  perhaps  250  species  known.  There  are  now  somewhere 
near  2,000,  and  we  are  augmenting  them  all  the  time.  I  have 
found  many  myself:  if  they  were  distributed  through  the  days  of 
the  year,  I  think  in  some  years  I  should  have  had  several  every 
day.  You  see  then  that  the  accessions  to  knowledge  which  are 
constantly  being  made  make  it  unsafe  to  indulge  in  any  prophecies ; 
as  for  instance,  that,  because  such  and  such  things  have  not  been 
found,  tlierefore  they  cannot  be ;  for  we  find  such  and  such  things 
really  have  been  and  really  are  discovered. 

The  successive  changes  that  we  have  in  the  mammalia  have 
taken  place  in  the  limbs,  feet,  teeth,  and  brain,  and  the  vertebral 
column.  The  parts  which  present  us  with  the  greatest  numbers  of 
variations  are  those  in  which  many  parts  are  concerned,  as  in  the 
lirabs  and  feet.  In  the  lower  eocene  (Puerco),  the  toes  were  5-5. 
In  the  Loup- Fork  fauna,  some  possess  toes  but  1-1.  Prior  to  this 
period  no  such  reduction  was  known,  although  in  tlie  Loup-Fork 
fauna  a  very  few  species  remained  5-5.  Through  this  entire  series 
we  have  transitions  steady  and  constant,  from  5-5,  to  4-5,  to  4-4,  to 
4-3,  to  3-3,  to  2-2,  to  1-1.  In  the  Puerco  period  there  was  not  a 
single  mammal  of  any  kind  which  had  a  good  ankle-joint ;  which  had 
au  ankle-joint  constructed  as  ankle-joints  ought  to  be,  with  tongue 
and  groove.  The  model  ankle-joint  is  a  tongue-and-groove  arrange- 
ment. In  this  period  they  were  nearly  all  perfectly  flat.  As  time 
passes  on  we  get  them  more  and  more  grooved,  until  in  the  Loup- 
Fork  fauna  and  the  White-River  fauna  they  are  nearly  all  grooved. 
In  the  sole  of  the  foot,  in  the  Puerco  fauna,  they  are  all  flat ;  but  in 
the  Loup-Fork  fauna  the  •sole  of  the  foot  is  in  the  air,  and  the  toes 
only  are  applied  to  the  ground,  with  the  exception  of  the  line  of 
monkeys,  in  which  the  feet  have  not  become  erect  on  the  toes,  and 
the  elephant,  in  which  the  feet  are  nearly  flat  also,  and  the  line  of 
bears,  where  they  are  also  flat.  As  regards  the  angulation  between 
the  small  bones  of  the  palm  and  of  the  sole,  there  is  not  a  single  in- 
stance in  which  those  bones  are  locked  in  the  lower  eocene,  as 
they  are  in  the  later  and  latest  tertiary.  So  also  with  the  articula- 
tion  of  the  toes  with  the  foot. 

When  we  come  to  the  limbs,  the  species  of  the  Puerco  fauna 
have  short  legs.  They  have  gradually  lengthened  out,  and  in  the 
late  periods  they  are  nearly  all  relatively  long. 
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Coming  to  the  vertebrse  as  a  pari  of  the  osseons  system,  I  men- 
tion the  zygapophyses,  or  antero-posteriorly  directed  processes,  of 
which  the  posterior  looks  down,  and  the  anterior  looks  up.  They 
move  on  each  other,  as  the  vertebral  column  bends  from  side  to 
side.  In  the  lower  forms  of  vertebrates  they  are  always  flat,  and 
in  the  hoofed  mammals  of  the  Puerco  period  they  are  all  flat.  In  the 
Wasatch  period  we  get  a  single  group  in  which  the  articulation,  in- 
stead of  being  perfectly  flat,  becomes  rounded ;  in  the  later 
periods  we  get  them  very  much  rounded  ;  and,  finally,  in  the  latest 
forms,  we  get  the  double  curve  and  the  locking  process  in  the  ver- 
tebral column,  which,  as  in  the  limb,  secures  the  greatest  strength 
with  the  greatest  mobility. 

In  the  first  stages  of  the  growth  of  the  spinal  column,  it  is  a 
notochord,  or  a  cylinder  of  cartilage  or  softer  material.  In  later 
stages  the  bony  deposit  is  made  in  its  sheath  until  it  is  perfectly 
segmented.  Now,  all  the  Permian  land-animals,  reptiles,  and 
batrachians,  retain  this  notochord  with  the  elements  of  osseous 
vertebrae,  in  a  greater  or  less  degree  of  completeness.  There  are 
some  in  South  Africa,  I  believe,  in  which  the  ossification  has  come 
clear  through  the  notochord  ;  but  they  are  few.  In  this  character- 
istic the  Permian  appears  almost,  perhaps  absolutely,  peculiar  as 
regards  land-animals.  There  is  something  to  be  said  as  to  the  con- 
dition of  the  column  from  a  mechanical  standpoint,  and  it  is  this  : 
that  the  chorda  exists,  with  its  osseous  elements  disposed  about 
it ;  and  in  the  batrachians  equally  related  to  salamanders  and  frogs, 
these  osseous  elements  ai*e  arranged  in  the  sheath  or  skin  of  the 
chorda ;  and  they  are  in  the  form  of  regular  concave  segments,  very 
much  like  such  segments  as  you  can  take  from  the  skin  of  an 
orange, — but  parts  of  a  cylinder,  and  having  greater  or  less  dimen- 
sions according  to  the  group  or  species.  Now,  the  point  of  diver- 
gence of  these  segments  is  on  the  side  of  the  column.  The  contacts 
are  placed  on  the  side  of  the  column  where  the  segments  separ- 
ate,— the  upper  segments  rising  and  the  lower  segments  coming 
downwards.  To  the  upper  segments  are  attached  the  arches  and 
their  articulations,  and  the  lower  segments  are  like  the  segments 
of  a  cylinder.  If  you  take  a  flexible  cylinder,  and  cover  it  with 
a  more  or  less  inflexible  skin  or  sheath,  and  bend  that  cylinder 
sidewise,  you  of  course  will  find  that  the  wrinkles  or  fractures  of 
that  part  of  the  surface  will  take  place  along  the  line  of  the  short- 
est curve,  which  is  on  the  side ;  and,  as  a  matter  of  fact,  you  have 
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breaks  of  very  much  the  character  of  the  segments  of  the  Permiaa 
batrachia.  It  may  not  be  so  symmetrical  as  in  the  actual  animal, 
for  organic  growth  is  s^'mmetrical  so  far  as  not  interfered  with ; 
for,  when  we  have  two  forces,  the  one  of  hereditary  growth,  and  the 
other  of  change  or  alteration,  and  they  contend,  you  will  find  in  the 
organic  being  a  quite  symmetrical  result.  That  is  the  universal 
rule.  In  the  cylinder  bending  both  ways,  of  course  the  shortest 
line  of  curve  is  right  at  the  centre  of  the  side  of  that  cylinder,  and 
the  longest  curve  is  of  course  at  the  summit  and  base,  and  the 
shortest  curve  will  be  the  point  of  fracture.  And  that  is  exactly 
what  I  presume  has  happened  in  the  case  of  the  construction  of 
the  segments  of  the  sheath  of  the  vertebral  column,  by  the  lateral 
motion  of  the  animal  in  swimming,  and  which  has  been  the  actual 
cause  of  the  disposition  of  the  osseous  material  in  its  form.  I 
have  gone  beyond  the  state  of  the  discussion  in  calling  attention 
to  one  of  the  forces  which  have  probably  produced  this  kind  of 
result.  That  is  the  state  of  the  vertebral  column  of  many  of  the 
vertebrata  of  the  Permian  period. 

I  go  back  to  the  mammalia,  and  call  attention  to  the  teeth. 
The  ordinary  tooth  of  the  higher  type  of  the  mammalia,  whether 
hoofed  or  not,  with  some  exceptions,  is  complex  with  crests  or 
cusps.  In  cutting  the  complex  grinding  surfaces  we  find  they 
have  been  derived  b}'  the  infolding  of  extensions  of  four  original 
cusps  or  tubercles.  They  have  been  flattened,  have  been  rendered 
oblique,  have  run  together,  liave  folded  up,  have  become  acute, 
have  descended  deeply  or  have  lifted  themselves,  so  that  we  have 
teeth  of  all  sorts  and  kinds,  sometimes  very  elegant,  and  often- 
times very  effective  in  mechanism.  In  many  primary  ungulates, 
the  primitive  condition  of  four  conical  tubercles  is  found.  In  pass- 
ing to  older  periods  we  find  the  mammalia  of  the  Puerco  period, 
which  never  have  more  than  three  principal  tubercles,  with  the 
exception  of  three  or  four  species.  In  the  succeeding  periods, 
however,  they  get  the  fourth  tubercle  on  the  posterior  side.  Final- 
ly, you  get  a  complicated  series  of  grinding  or  cutting  apparatus, 
as  the  case  may  be. 

Last,  but  not  least,  we  take  the  series  of  the  brain.  No  doubt 
the  generalization  is  true,  that  the  primitive  forms  of  mammalia 
had  small  brains  with  smooth  hemispheres ;  later  ones  had  larger 
brains  with  complex  hemispheres.  In  general  the  carnivora  have 
retained  a  more  simple  form  of  brain,  while  herbivorous  animals 
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have  retained  a  more  complicated  type  of  brain.  The  lowest  forms 
of  mammalia  display  the  additional  peculiarity  of  having  the 
middle  bi-ain  exposed  ;  and  the  hemispheres  or  large  lobes  of  the 
brain,  which  are  supposed  to  be  the  seat  of  the  mental  phenomena, 
are  so  reduced  in  size  at  the  back  end  that  you  see  the  middle  brain 
distinctly,  though  it  is  smaller  than  in  reptiles  and  fishes. 

It  is  beyond  the  possibility  of  controversy,  that  these  series  have 
existed,  that  they  have  originated  in  simplicity,  and  have  resulted 
in  complication  ;  and  the  further  induction  must  be  drawn,  that  the 
process  of  succession  has  been  towards  greater  effectiveness  of 
mechanical  work.  There  are  also  cases  of  degradation,  as  in  the 
growing  deficiency  in  dentition  in  man.  There  is  no  doubt  that  a 
largo  number  of  people  are  now  losing  their  wisdom-teeth  in  both 
jaws. 

We  are  now  brought  to  the  question  of  the  relations  which  mind 
bears  to  these  principles.  The  question  as  to  the  nature  of  mind 
is  not  so  complex  as  it  might  seem.  There  is  a  great  deal  of  it, 
to  be  surej  but  on  examination  it  resolves  itself  into  a  few  ulti- 
mate forms.  An  analysis  reduces  it  to  a  few  principal  types  or 
departments, —  the  departments  of  the  intelligence  and  of  emo- 
tions (with  their  primary  simpler  forms,  likes  and  dislikes),  and 
the  will,  if  such  there  be.  These  three  groups,  proposed  by  Kant, 
are  well  known,  and  are  adopted  by  many  metaphysicians ;  and 
they  stand  the  scrutiny  of  modern  science  as  applied  to  both  men 
and  the  lower  animals.  But  the  question  of  the  material  of  the 
mind,  the  original  raw  stuff  out  of  which  mind  was  made,  is  one 
which  is  claiming  attention  now  from  biologists,  as  it  always  has 
done  from  physiologists  proper,  and  physicians.  This  is  sensi- 
bility, mere  simple  sensibility,  unmodified  sensibility,  or  cou- 
scioQsness.  Sensibility,  in  connection  with  memory,  is  sufficient 
for  the  accomplishment  of  wonderful  results.  It  is  only  necessary 
to  impress  the  sensibility  with  the  stimuli  which  this  world  afibrds, 
whether  from  the  outside  or  the  inside,  to  have  the  record  made, 
and  to  have  the  record  kept.  Among  wonderful  things  this  is 
perhaps  the  most  wonderful :  that  a  given  form  of  matter  should 
be  able  to  retain  a  record  of  events,  a  record  which  is  made  during 
a  greater  or  less  degree  of  sensibility  ;  which  is  retained  in  a  state 
of  insensibility ;  and  is  finally  returned  to  the  sensibility  by  some 
curious  process  of  adhesion,  as  the  results  of  impresses  which 
are  found  on  the  material  tissue  concerned. 
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And  these  simple  elements  of  mind  are  found  in  animals.  No 
zoologist  who  has  perception  or  honesty,  nor  any  farmer  or  breeder, 
nor  any  person  who  has  charge  of  animals  in  any  way,  can  deny 
sensibility  to  all  the  lower  animals  at  times.  The  great  stumlv 
ling-block  in  the  way  of  the  thinker  in  all  this  field,  is  the  great 
•evanescence  of  this  sensibility  ;  the  great  ease  with  which  we  dis- 
sipate It.  The  readiness  with  which  we  can  deprive  a  fellow-beinp; 
of  his  sense  is  a  stumbling-block  in  more  ways  than  one.  While 
it  is  a  question  of  the  greatest  difficulty,  nevertheless,  like  other 
departments  of  nature,  doubtless  it  will  ultimately  be  explained 
by  the  researches  of  physiologists.  I  only  need  to  call  attention 
to  consciousness  as  an  important  factor  in  evolution. 

We  now  approach  the  question  of  the  origin  of  organic  machines 
with  fresh  resources.  Did  the  consciousness  of  the  animal  find 
his  structure  made  ready  to  hand,  or  did  he,  under  the  dire  stimuli 
of  necessity,  produce  through  ages  these  modifications  in  his  own 
structure?  We  are  told  by  some  of  our  friends,  that  law  implies  a 
lawgiver,  that  evolution  implies  an  evolver :  the  next  question  is, 
Where  is  the  lawgiver?  where  is  the  evolver?  where  are  they  lo- 
cated ?  This  question  is  best  answered,  as  it  appears  to  me,  as 
follows.  In  the  first  place,  I  ma}'  say,  it  is  distinctly  proven  in 
some  directions,  that  the  constant  applications  of  force  or  motion 
in  the  form  of  strains,  in  the  form  of  impacts  and  blows,  ui)on 
any  given  part  of  the  animal  organism,  do  not  fail  to  produce  re- 
sults in  change  of  structure.  I  believe  the  changes  in  the  ungu- 
lates, to  which  I  have  called  3'our  attention,  are  the  result  of  strains 
and  impacts,  precisely  as  I  have  shown  you  the  manner  of  the 
fracture  of  the  vertebral  column  of  the  primitive  vertebrates  of 
the  Permian  period.  This  would  require  long  discussion  to  render 
clear ;  nevertheless,  I  venture  to  make  the  assertion  that  this 
series  of  structures  is  the  result  of  definite  and  distinct  organic 
forces,  directed  to  special  ends.  We  have  yet  to  get  at  the  con- 
flicting forces  which  have  produced  the  results  we  see.  Me- 
chanical evolution  will  give  us  a  good  deal  to  do  for  some  time  to 
come.  Of  course,  if  motion  has  had  an  effect  in  modifying  struct- 
ure, it  behooves  us  to  investigate  those  conditions  which  give  origin 
to  motion  in  animals.  First  in  order  come  the  sensibilities  of  the 
animal,  which  we  have  traced  to  simple  consciousness,  and  stimuli, 
upon  notice  of  which  he  immediately  begins  to  move.  The  pri- 
mary stimulus  of  all  kinds  of  motion  is  necessarily  touch.     If  a 
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stone  falls  upon  the  tail  of  some  animal  which  has  a  tail,  he  im- 
mediately gets  out  of  that  vicinity.  If  a  jelly-fish  with  a  stinging 
apparatus  runs  across  an  eel  which  has  no  scales,  the  eel  promptly 
moves.  External  applications  of  unpleasant  bodies  will  always 
cause  an  animal  to  change  his  location.  Then  he  is  constantly  as- 
saulted by  the  dire  enemy  of  beasts,  hunger,  an  instinct  which  is 
evidently  universal,  to  judge  from  the  actions  of  animals.  This 
seems  to  have  fashioned,  in  large  part,  all  forms  of  life,  from  the 
least  to  the  greatest,  from  the  most  unorganized  to  the  most  com- 
plex. Each  exercised  itself  for  the  purpose  of  filling  its  stomach 
with  protoplasm.  Then  come  the  stimuli  which  should  be  in- 
cluded under  the  class  of  touch,  changes  of  temperature.  No 
animals  like  to  be  cold  or  too  hot ;  and  when  the  temperature  is 
disagreeable,  the  tendenc}'  is  to  go  away  from  that  locality.  Among 
primary  instincts  must  be  included  that  of  reproduction.  Af!#ei- 
that  comes  the  sensation  of  resistance,  or,  carried  to  a  high  de- 
gree, of  anger ;  when  an  animal's  interests  are  interfered  with,  its 
movements  restricted,  the  most  energetic  displays  are  prompted. 
So,  you  see,  it  is  a  matter  of  necessity  that  mental  phenomena  lie 
at  the  back  of  evolution,  provided  alwaj's  that  the  connecting  link 
of  the  argument  —  that  motion  has  ever  affected  structure  —  be 
true.  That  is  a  point  which,  of  course,  admits  of  much  discus- 
sion. I  have  placed  myself  on  the  affirmative  side  of  that  ques- 
tion ;  and,  if  I  live  long  enough,  I  expect  to  see  it  absolutely 
demonstrated. 

Of  course  the  development  of  mind  becomes  possible  under  such 
circumstances.  It  is  not  like  a  man  lifting  himself  up  by  his 
boots,  which  it  would  be  were  there  no  such  thing  as  memory. 
But  with  that  memory  which  accumulates,  which  formulates,  first 
habits,  and  then  structures,  especially  in  the  soft,  delicate  nervous 
tissue,  the  development  of  the  function  of  the  mind,  as  well  as  the 
machinery  of  the  mind  becomes  perfectly  possible.  We  develop  our 
intellect  through  the  accumulation  of  exact  facts  ;  through  the  colla- 
tion of  pure  truth,  no  matter  whether  it  be  a  humble  kind  of 
truth, —  as  the  knowledge  of  the  changes  of  the  seasons,  which 
induces  some  animals  to  lay  up  the  wintei-'s  store ;  whether  it  be 
knowledge  of  the  fact  that  the  sting  of  the  bee  is  very  unpleasant ; 
or  knowledge  of  the  fact  (of  which  the  wild  ox,  no  doubt,  is  thor- 
oughly aware)  that  the  teeth  of  the  wolf  are  not  pleasant  to  come 
in  contact  with ;  or  whether  it  be  the  complex  knowledge  of  man. 
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Wlien  the  cerebral  matter  has  become  larger  and  more  complex,  it 
receives  and  retains  a  much  greater  number  of  impressions,  and 
the  animal  becomes  a  more  highly  educated  being. 

As  regards  the  department  of  emotions  or  passions,  they  are  also 
much  stimulated  by  the  environment.  Animals  which  live  in  a 
state  of  constant  strife  naturally  have  their  antagonistic  passions 
much  developed  ;  while  amiable,  sympathetic  sentiments  are  better 
and  more  largely  produced  b}*  peace-loving  animals.  Thus  it  is 
that  the  various  departments  of  the  mind  have  the  beautiful  re- 
sults which  we  now  find  in  the  human  species. 

There  are  some  departments  of  the  mind  which  some  of  our 
friends  decline  to  admit  having  had  such  an  origin.  The  moral 
faculty,  for  instance,  is  excepted  by  many  from  this  series.  But 
the  reasons  why  they  object  to  its  production  in  this  way  are,  to 
my  mind,  not  valid.  The  development  of  the  moral  faculty, 
which  is  essentiall}'  the  sense  of  justice,  appears  to  them  not  to 
fall  within  the  scope  of  a  theory  of  descent  or  of  evolution.  It 
consists  of  two  parts.  First  is  the  sentiment  of  benevolence,  or 
of  sympathy  with  mankind,  which  gives  us  the  desire  to  treat  them 
as  they  should  be  treated.  It  is  not  sufficient  for  justice  that  it  is 
unmixed  mercy  or  benevolence,  which  is  sometimes  very  injurious, 
and  very  often  misplaced.  It  requires,  in  the  second  place,  the 
criticism  of  the  judgment,  of  the  mature  intellect,  of  the  rational 
facult}',  to  enable  the  possessor  to  dispose  of  his  sentiments  in  the 
proper  manner.  The  combination  of  rational  discrimination  and 
judgment,  with  benevolence,  constitutes  the  sense  of  justice, 
which  has  been  derived,  no  doubt,  as  a  summary  of  the  develop- 
ment of  those  two  departments  of  the  mind, —  the  emotions  and 
the  intellect. 

It  is  said,  that  a  sense  of  justice  could  not  be  derived  from  the 
sense  of  no  justice  ;  that  it  could  not  have  been  derived  from  the 
state  of  things  which  we  find  in  the  animals,  because  no  animal  is 
known  to  exhibit  real  justice,  and  that  objection  is  valid  as  far 
as  it  goes.  I  suspect  that  no  animal  has  been  observed  to 
show  a  true  sense  of  justice.  That  they  show  sympathy  and 
kindness,  there  is  no  question  ;  but  when  it  comes  to  real  justice, 
they  do  not  display  it.  But  do  all  men  display  justice?  Do  all 
men  understand  justice?  I  am  very  sure  not.  There  are  a  good 
many  men  in  civilized  communities,  and  there  are  many  tribes, 
who  do  not  know  what  justice  is.     It  does  not  exist  as  a  part  of 
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every  mental  constitution.  I  never  lived  among  the  Bushmen, 
and  do  not  know  exactly  what  their  mental  constitution  is  ;  but  in  a 
general  way  the  justice  of  savages  is  restricted  to  the  very  smallest 
possible  circle, — that  of  their  tril)e  or  of  their  own  family.  There 
is  a  class  of  people  who  do  not  understand  justice.  I  do  not 
refer  to  people  who  know  what  right  is,  and  do  not  do  it ;  but  to 
the  primitive  state  of  moral  character,  in  which,  as  in  children,  a 
sense  of  justice  is  unknown.  I  call  attention  to  the  fact,  because 
some  of  our  friends  have  been  ver^'  much  afraid  that  the  demon- 
stration of  the  law  of  evolution,  physical  and  metaphysical,  would 
result  in  danger  to  society.  I  suspect  not.  The  mode  in  which 
I  understand  this  question  appears  to  me  to  be  beneficial  to  so- 
ciety, rather  than  injurious ;  and  I  therefore  take  the  liberty  of 
appending  this  part  of  the  subject  to  its  more  material  aspect. 

I  refer  to  another  topic,  that  is  to  the  nature  of  life,  and  the 
physical  basis  of  life.  The  word  "  life"  is  so  complex  that  it  is 
necessary  to  define  it,  and  so  to  define  it  away  that  really  the 
word  '*  life"  does  not  retain  its  usual  definition.  Many  phenomena 
of  life  are  chemical,  physical,  mechanical.  We  have  to  remove 
all  these  from  consideration,  because  they  come  within  the  ordi- 
nary laws  of  mechanical  forces ;  but  we  have  a  few  things  left 
which  are  of  a  different  character.  One  is  the  law  of  growth, 
which  is  displayed  in  the  processes  of  embryonic  succession  ;  sec- 
ondly, the  wonderful  phenomena  of  sensibility.  Those  two  things 
we  have  not  yet  reduced  to  any  identity  with  the  ordinary  laws  of 
force,  though  we  know  of  their  dynamic  equivalency.  In  the  phe- 
nomena of  embryology  the  phenomena  of  evolution  are  repeated, 
only  concentrated  in  the  early  stages  through  which  animals  have 
to  pass.  So  whatever  explains  the  general  phenomena  of  evolu- 
tion explains  the  phenomena  of  embryology. 

What  is  the  nature  of  physical  sensibility  ?  In  this  planet,  it 
is  found  residing  only  in  one  form  of  matter,  which  has  a  slightly 
varied  chemical  constitution,  namely,  protoplasm,  so  called  from 
a  physical  standpoint.  Now,  this  world,  as  you  all  know,  has 
passed  through  many  changes  of  temperature.  Its  early  periods, 
it  is  probable,  were  so  very  hot  that  protoplasm  had  a  very  poor 
chance.  Again,  can  we  assume  for  a  moment  that  this  little 
speck  in  the  great  universe  is  the  only  seat  of  life?  1  suppose 
scarcely  any  scientific  man  will  venture  do  do  so.  If,  therefore, 
life  exists  in  other  planets,  worlds  and  systems,  does  it  necessarily 
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occupy  bodies  of  protoplasm  in  those  different,  remote  spheres? 
It  would  be  a  great  assumption.  It  is  altogether  improbable.  The 
certainty  is,  that  in  those  planets  which  are  in  proximity  to  the 
sun's  heat  there  could  be  no  protoplasm.  Protoplasm  in  the  re- 
mote planets  would  be  a  hard  mineral,  and  near  the  sun  it  would 
be  dissipated  into  its  component  gases.  So  that,  if  life  be  found  in 
other  parts  of  this  universe,  it  must  reside  in  some  different  kind 
of  material.  It  is  extremely  probable  that  the  physical  conditions 
that  reside  in  protoplasm  might  be  found  in  other  kinds  of  matter. 
It  is  in  its  chemical  inertness,  and  in  its  ph^'sical  constitution,  that 
its  adaptation  to  life  resides  ;  and  the  physical  constitution  neces- 
sary for  the  sustenation  of  life  may  be  well  supposed  to  exist  in 
matter  in  other  parts  of  the  universe.  I  only  say  the  door  is  open 
and  not  closed  :  any  one  who  asserts  that  life  cannot  exist  in  any 
other  material  basis  than  protoplasm  is  assuming  more  than  the 
world  of  science  will  permit  him  to  assume.  And  that  it  is  con- 
fined to  this  single  planet,  among  the  great  systems  of  the  uni- 
verse,— that  assumption  will  not  for  a  moment  be  allowed. 
Therefore  the  subject  is  one  which  allows  us  a  free  field  for  future 
investigation :  it  is  by  no  means  closed  in  the  most  important 
laws  which  it  presents  to  the  rational  thinker.  I  hope,  therefore, 
that,  if  the  evidence  in  favor  of  this  hypothesis  of  the  creation  of 
living  forms  be  regarded  as  true,  that  no  one  will  find  in  it  any 
ground  for  any  very  serious  modification  of  existing  ideas  on  the 
great  questions  of  right  and  wrong,  which  have  long  since  been 
known  by  men  as  a  result  of  experience,  and  without  any  other 
scientific  demonstration  whatsoever. 
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THE  OEBMAN  SUB  VET  OF  THE  NOETHEBN  HEAVENS. 


The  lUostrioas  Argelander  was  accastomed  to  say,  in  the  quaint 
form  of  speech  which  he  often  employed,  ^^  The  attainable  is  often 
not  attained  if  the  range  of  inquiry  is  extended  too  far."  In  no 
undertaking  is  there  greater  need  of  a  judicious  application  of  this 
sound  maxim  than  in  the  systematic  determination  of  the  exact 
positions  of  all  the  stars  in  the  visible  heavens  which  fall  within 
the  reach  of  telescopes  of  moderate  power. 

The  first  subject  which  engaged  the  attention  of  the  Astronom- 
ische  Gesellschaft,  at  its  formation  in  1865,  was  the  proposition  to 
determine  accurately  the  coordinates  of  all  the  stars  in  the  north- 
em  heavens  down  to  the  ninth  magnitude.  To  this  association  of 
astronomers  (at  firat  national,  but  since  become  largely  interna- 
tional, in  its  character  and  organization)  belongs  the  credit  of 
arranging  a  scheme  of  observations  by  which,  through  the  cooper- 
ation of  astronomers  in  different  parts  of  the  world,  it  has  been 
possible  to  accomplish  the  most  important  piece  of  astronomical 
work  of  modern  times.  With  a  feasible  plan  of  operations,  under- 
taken with  entire  unity  of  purpose  on  the  part  of  the  observers  to 
whom  the  several  divisions  of  the  labor  were  assigned,  this  great 
work  is  now  approaching  completion.  While  it  is  yet  too  early  to 
speak  with  confidence  concerning  the  definite  results  which  the 
discussions  of  all  the  observations  are  expected  to  show,  we  may 
with  profit  consider  the  object  sought  in  the  undertaking,  the  gen- 
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eral  plan  of  the  work,  the  difficulties  which  have  been  encountered, 
and  the  probable  bearing  which  the  execution  of  the  present  work 
will  have  upon  the  solution  of  a  problem  concerning  which  we 
now  know  absolutely  nothing  with  certainty  ;  a  problem  of  which 
what  we  call  universal  gravitation  is  only  one  element,  if,  indeed, 
it  be  an  element ;  a  problem  which  reaches  farther  than  all  others 
into  the  mysteries  of  the  universe,  — the  motion  of  the  solar  and 
the  sidereal  systems  in  space. 

Our  first  inquiry  will  be  with  respect  to  the  condition  of  the 
question  of  stellar  positions  at  the  time  when  this  proposal  was 
made  by  the  Gesellschaft  in  1865.  All  the  observations  which  had 
been  made  up  to  this  time  possess  one  of  two  distinct  characteris- 
tics. A  portion  of  them  were  made  without  direct  reference  to  any 
assumed  system  of  stellar  coordinates  as  a  base,  but  by  far  the 
larger  part  are  differential  in  their  chaiacter.  This  remark  holds 
more  especially  with  reference  to  right  ascensions.  Nearly  all  of 
the  observations  of  the  brighter  stars  made  previous  to  about  1818 
were  referred  to  the  origin  from  which  stellar  coordinates  are  reck- 
oned, by  corresponding  observations  of  the  sun ;  but  since  that 
date  it  has  been  the  custom  to  select  a  sufficient  number  of  i*efer- 
ence  stars,  s^^m metrically  distributed  both  in  right  ascension  and 
declination,  and  whose  coordinates  were  supposed  to  be  well 
known.  The  unequalled  Pulkowa  observations  for  the  epoch  1845 
form,  I  believe,  the  only  exception  to  this  statement.  From  the 
assumed  system  of  primary  stars  are  derived  the  clock  errors  and 
instrumental  constants  which  are  employed  in  the  reduction  of 
all  the  other  stars  obsen^ed.  The  positions  of  these  secondary 
stars,  therefore,  partake  of  the  errors  of  the  assumed  fundamental 
system,  in  addition  to  the  direct  errors  of  observation. 

The  following  list  comprises  the  most  important  of  the  cata- 
logues which  have  been  independently  formed ;  viz.,  Bradley 
for  1755,  the  various  catalogues  of  Maskelyne  between  176<5  and 
1805,  D'Agelet  for  1783,  Piazzi  for  1805,  Auwers'  Cacciatore  for 
1805,  Bessel  for  1815,  a  few  of  the  earlier  catalogues  of  Pond, 
Brinkley  for  1824,  Bessel  for  1825,  Struve  for  1824,  Bessel  for  1827, 
Argelander  for  1830,  and  Pulkowa  for  1845. 

An  analysis  of  the  important  catalogues  of  secondary  stars  pub- 
lished previous  to  18G5  reveals  four  important  facts: — 

1.  That  nearly  all  of  the  observations  relate  to  bright  starSf 
at  least  to  stars  brighter  than  the  eighth  magnitude. 
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2.  That  in  a  large  number  of  cases  the  same  star  is  found  in 
different  catalogues,  but  that  no  rule  is  discoverable  in  the  selection. 

3.  That  with  the  exception  of  the  polar  catalogues  of  Fe- 
dorenko,  Groombridge,  Schwerd,  and  Carrington,  the  double- 
star  observations  of  Struve,  and  the  zone  observations  of  Bessel 
and  Argelauder,  the  observations  were  not  arranged  with  reference 
to  the  accomplishment  of  a  definite  object. 

4.  That  each  catalogue  involves  a  system  of  errors  peculiar 
to  the  observers,  to  the  character  of  the  instrument  employed,  and 
to  the  system  of  primary  stars  selected,  but  that  thus  far  there  had 
been  no  attempt  to  reduce  the  results  obtained  by  different  observ- 
ers to  a  homogeneous  system.  In  estimating  the  value  of  these 
observations  it  will  be  necessary  to  refer  to  the  researches  which 
have  been  made  subsequent  to  1865. 

The  systematic  deviations  of  different  catalogues  in  right 
ascension,  inter  «e,  were  noticed  at  an  early  date  by  several  astron- 
omers ;  but  the  first  attempt  to  determine  the  law  of  these  varia- 
tions seems  to  have  been  made  by  Safford  iti  a  communication  to 
the  Monthly  Notices  of  the  Royal  Astronomical  Society  in  1861 
(xxi,  245),  "  On  the  Positions  of  the  Radcliffe  catalogue."  I  quote 
the  equation  derived  by  Safford,  since  it  appears  to  be  the  first  pub- 
lished account  of  a  form  of  investigation  almost  exclusively 
followed  since  that  time  in  the  treatment  of  this  problem.  It  is 
as  follows : — 

Diff.  of  R.  A.  (Greenw.  12  Year  Cat.  —  Rad.)  =  —  .038  + 

»  h       m 

.032  sin  (a  +  5  32).  Extending  this  expression  to  terms  of 
llie  second  order,  it  may  be  put  under  the  form,  J  =  a  constant 
+  (m  sin  a  -{-  n  cos  a)  +  (m'  sin  2a  +  n'  cos  2a). 

Safford  also  seems  to  have  been  the  first  to  notice  the  connection 
between  the  observed  residuals,  and  the  errors  in  position  of  the 
primary  stars  employed.  He  remarks, "  In  investigating  the  causes 
which  give  rise  to  such  systematic  discrepancies,  I  was  struck  with 
the  fact  that  the  same  or  nearly  the  same  variations  were  apparent 
in  the  assumed  places  of  the  time  stars  for  the  years  since  1845  ; 
that,  if  the  correct  positions  of  th©  time  stars  had  been  assumed, 
the  resulting  positions  would  have  been  free  from  these  small  er- 
rors." That  the  relation  given  by  Safford  should  have  been 
observed  at  all  is  the  more  remarkable,  since  the  primary  stars 
upon  which  the  Radcliffe  positions  depend,  are  nearly  the  same  as 
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those  employed  at  Greenwich.  In  reality,  the  systematic  errors  of 
both  catalogues  have  since  been  found  to  be  considerably  greater 
than  is  here  indicated,  and  the  deviation  pointed  out  by  Safford  is 
in  the  nature  of  a  second  difference,  but  the  existence  of  periodic 
errors  in  the  Greenwich  catalogue  was  not,  however,  overlooked 
by  him.  The  speaker  has  shown  {Proe.  Amer,  Acad.^  1874,  182) 
that  the  weight  of  the  errors  of  the  provisional  catalogue  assumed 
fell  between  the  first  and  third  quadrants  in  the  Radcliffe  ol^serva- 
tions  for  1841-42,  on  account  of  the  omission  of  certain  clock  stars 
which  were  used  at  Greenwich. 

Since  the  discordances  which  exist  between  two  catalogues  may 
arise  from  errors  either  in  one  or  in  both,  it  is  clearly  impossible 
either  to  determine  the  nature  of  the  errors,  or  to  assign  their  true 
cause,  until  a  fundamental  system  has  been  established  which  is 
free  both  from  accidental  and  from  periodic  errore,  —  from  acci- 
dental errors,  since  a  few  abnormal  differences  may  easily  invali- 
date the  determination  of  the  errors  which  are  really  periodic ; 
from  periodic  errors,'because  a  relative  system  can  only  become  an 
absolute  one,  when  one  of  the  elements  of  which  it  is  composed 
becomes  absolute. 

We  owe  to  the  researches  of  Newcomb,  published  in  1869-70,  a 
homogeneous  system  of  stellar  codrdinates  in  right  ascension, 
which  are  probably  as  nearly  absolute  in  their  character  as  it  is 
possible  to  obtain  from  the  data  at  present  available.  He  deter- 
mined the  absolute  right  ascensions  of  thirty-two  stars  of  the  first, 
second,  and  third  magnitudes,  and  comprised  between  the  limits 
— 30®  and  -j-  46**  declination.  A  comparison  of  the  places  of 
these  stars  for  a  given  epoch,  with  the  same  stars  in  any  catalogue 
for  the  same  epoch,  enables  us  to  determine  with  considerable 
precision  the  system  of  errors  inherent  in  that  catalogue.  Several 
circumstances  prevent  the  exact  determination  of  this  relation. 
Among  them  may  be  mentioned  the  fact  that  Newcomb's  S3'stem 
cannot  safely  be  extended  far  beyond  the  limits  in  declination  of 
the  stars  composing  the  system,  that  the  stars  are  not  symmetri- 
cally distributed  in  declination,  and  that  the  system  of  errors 
derived  from  bright  stars  is  probably  not  the  same  as  that  derived 
from  stars  of  less  magnitude. 

To  a  certain  extent  all  of  these  objections  have  been  met  in  the 
later  discussion  by  Auwcrs,  to  which  reference  will  presently  be 
made.    The  substantial  agreement  of  these  two  systems,  independ- 


Digitized  by 


Google 


ADDRESS  BT  W.   A.   ROGERS.  00 

entlj  determined,  furnishes  satisfactoiy  evidence  that  we  have  at 
last  obtained  a  foundation  sj^stem  with  which  it  is  safe  to  make 
comparisons,  from  which  we  may  draw  conclusions  with  compara- 
tive safety.  When  the  catalogues  which  were  formed  between 
1825  and  1865  are  compared  with  Newcomb's  fundamental  system, 
through  the  medium  of  these  thirty-two  stars,  the  following  facts 
are  revealed :  — 

a.  The  only  catalogues  in  which  there  is  freedom  from  both 
accidental  and  periodic  errors  are  Argelander's  Abo  catalogue  for 
1830,  and  the  Pulkowa  catalogue  for  1845.  One  is  reminded,  in  this 
connection,  of  the  remark  of  Pond,  that  ^^  we  can  hardly  obtain  a 
better  test  of  our  power  of  predicting  the  future  positions  of  stars 
than  by  trying  by  the  same  formula,  how  accurately  we  can  interpo- 
late for  the  past.  In  a  variety  of  papera  which  I  have  submitted  to 
the  Royal  Society,  I  have  endeavjored  to  show,  that,  with  us,  the 
experiment  entirely  fails." 

b.  During  this  interval,  the  constant  differences  between  the  ear- 
lier catalogues  and  Newcomb's  system  vary  between  +  0.17"  for 
Pond,  1820 ;  and  — 0.19*  for  Pond,  1830 :  and  for  later  catalogues, 
between  -[-  0.07*  for  Cambridge,  1860 ;  and  +  .02*  for  Greenwich, 
1860. 

c.  All  the  right  ascensions  determined  at  English  obserA'atories, 
and  especially  those  which  depend  upon  the  positions  published 
by  the  British  Nautical  Almanac,  are  too  large  in  the  region  of 
five  hours,  and  too  small  in  the  region  of  eighteen  hours.  The 
jreneral  tendency  of  the  constant  part  of  the  deviation  from 
Newcomb's  system  is  to  neutralize  the  periodic  errors  in  the  region 
of  five  hours,  and  to  augment  them  in  the  region  of  eighteen  hours, 
where,  in  the  case  of  a  few  catalogues,  the  error  becomes  as  great 
asO.lO", —  a  quantity  which  can  be  readily  detected  from  the 
observations  of  two  or  three  evenings  with  an  indifferent  instru- 
ment, if  it  relates  to  a  single  star. 

The  right  ascensions  determined  at  French  observatories 
exhibit  systematic  errors,  which  follow  nearly  the  same  law  as 
those  which  characterize  English  observations. 

Distinctively  German  observation!  are  nearly  free  from  system- 
atic errors.     As  far  as  they  exist  at  all,  their  tendency  is  to  neu- 
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tralize  the  errors  inherent  in  distinctively  English  and  French 
observations. 

d.  In  the  case  of  several  catalogues,  residual  errors  of  consider- 
able magnitude  remain  after  the  systematic  errors  depending  upon 
the  right  ascensions  have  been  allowed  for.  These  errors  are 
found  to  be  functions  of  the  declination  of  the  stars  observed, 
and  without  doubt  have  some  connection  with  the  form  of  the 
pivots  of  the  instruments  with  which  the  observations  were  made. 
This  statement  holds  true,  especially  with  respect  to  the  observa- 
tions at  Paris,  Melbourne,  and  Brussels,  between  1858  and  1871 ; 
and  to  the  Washington  observations  between  1858  and  1861. 

e.  The  systematic  errors  which  exist  in  observations  previous  to 
1865  follow  the  same  law,  and  have  nearly  the  same  magnitude,  as 
the  errors  of  the  same  class  which  are  inherent  in  the  national 
ephemerides  of  the  country  in  which  they  were  made. 

The  British  Nautical  Almanac  and  the  Connaissance  des  Temps 
are  largely  responsible  for  the  perpetuation  of  this  class  of  errors. 
For  a  few  years  before  and  after  1860,  the  ephemerides  of  the 
Nautical  Almanac  were  based  upon  the  observations  of  Pond, 
which  contain  large  periodic  errors.  It  is  found  that  the  errors  of 
this  system  have  been  transferred  without  sensible  diminution  to 
every  catalogue  in  which  the  observations  depend  upon  Nautical 
Almanac  clock  stars.  At  English  observatories,  it  has  been  the 
custom  to  correct  the  positions  of  the  fundamental  stars  by  the 
observations  of  each  successive  year ;  but  this  has  produced  no 
sensible  effect  on  the  diminution  of  the  periodic  errors,  which  belong 
to  the  fundamental  system.  The  periodic  errors  of  the  American 
Ephemeris  follow  nearly  the  same  law  as  the  errors  of  the  Nautical 
Almanac,  but  their  magnitude  is  somewhat  reduced.  The  error  of 
equinox  is  also  less. 

Wolfers'  Tab,  Beg,^  upon  which  the  Berliner  Jahrbuch  is  based, 
has  no  well-defined  systematic  errors  ;  and  the  correction  for  equi- 
nox is  nearly  the  same  in  amount  as  in  the  Americam  Ephemeris, 
but  with  the  opposite  sign.  The  accidental  errors  seem  to  be 
rather  larger  than  in  the  system  of  the  American  Ephemeris. 

/.  A  general  estimate  may  te  formed  of  the  relative  magnitudes 
of  the  errors  of  secondary  catalogues  by  comparing  the  average 


Digitized  by 


Google 


ADDRESS  BT  W.   A.   ROGEBS. 


67 


error  for  each  star  of  the  primary  catalogue.  The  nambers  given 
below  represent  the  average  deviation  for  each  star,  expressed  in 
hundredths  of  seconds,  after  the  various  catalogues  have  been  re- 
duced to  a  common  equinox. 


Average 
error  for 
each  star. 

Anrelander 

1830 
1845 
1845 
1860 
1783 

1850 

1871 

1867 

1846-52 

1830 

1856 

I860 

1840 

1840 
1830 
1830 
1845 

mo 

1800 
1755 
1800 
1760 

1.1 

PuTkowa      . 

2  1 

Greenwich 

8.0 

Greenwich 

2.0 

D'Affelet  (Gould)  .     ^ 

Cape  of  Good  Hope  (Hendewon)     . 
Greenwich 

9.3 
3.2 
2.3 

Greenwich ,    , 

3.3 

Paris       

3.4 

Washington 

Stmve 

3.5 
3  5 

Cape  of  Good  Ilupe 

Radcliffe 

Greenwich 

Bessel 

Pond 

Gillls 

3.8 
8.1 
8.1 
3.3 
8.7 
8.8 

Madras  fTaylor) 

Cape  ofGood  Hope  (Fallows)     .    . 
Radcliffe 

8.0 
8.9 
4.5 

Armasrh 

5  0 

Piax3^ 

BessePs  Bradley 

Lacaille 

5.$ 

7.0 

18.2 

24.0 

It  is  obvious  from  these  relations,  that  previous  to  about  1825 
the  magnitude  of  the  accidental  errors  of  observation,  combined 
with  the  errors  of  reduction,  prevents  any  definite  conclusions 
with  respect  to  the  periodic  errors  inherent  in  these  early  observa- 
tions. It  is  probable,  also,  that  early  observations  of  stars  of  the 
eighth  and  ninth  magnitudes  are  subject  to  a  class  of  errors  pecul- 
iar to  themselves,  the  nature  of  which  it  is  now  well  nigh  impossible 
to  determine. 

The  systematic  eiTors  in  declination  which  belong  to  the  various 
secondary  catalogues  named  are  even  more  marked  than  those  in 
right  ascension.  The  experience  of  Pond  in  1833  is  the  experience 
of  every  astronomer  who  has  attempted  to  compare  observations 
of  the  same  star  made  at  different  times,  under  different  circum- 
stances, with  different  instruments,  and  by  different  observers. 
He  says,  ''With  all  these  precautions,  we  do  not  find,  by  compar- 
ing the  present  observations  with  those  of  Bradley  made  eighty 
years  a^^o  under  the  same  roof,  and  computed  by  the  same  tuble  of 
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refractions,  that  we  can  obtain  by  interpolation  any  intermediate 
catalogue  which  shall  agree  with  the  observations  within  the 
probable  limits  of  error." 

We  owe  lo  the  investigations  of  Auwers  (Astron,  Nachr.^  nos. 
1532-1536),  the  first  definite  system  of  declinations  which  is 
measurably  absolute  in  its  character.  Tet  the  deviations  of  this 
system  from  that  derived  by  the  same  author,  but  from  much 
additional  data  in  Publication  xiv  of  the  Gesells(!haft,  is  no  less 
than  1".2.  The  present  difference  outstanding  between  the 
Pulkowa  and  Greenwich  systems  at  10°  south  declination  is  1",!, 

Within  the  past  five  years,  the  labors  of  Auwers,  of  Safford,  of 
Boss,  and  of  Newcomb,  have  resulted  in  the  establishment  of  a 
mean  system  of  declinations  from  which  accidental  errors  may  be 
considered  to  be  eliminated  in  case  of  a  large  number  of  stars ; 
but  the  different  systems  still  differ  systematically,  inter  ae,  by 
quantities  which  are  considerably  greater  than  the  probable  error 
of  any  single  position. 

When  the  discussion  of  the  question  of  a  uniform  determination 
of  all  the  stars  in  the  northern  heavens  to  the  ninth  magnitude  was 
taken  up  by  the  Gesellschaft  at  its  session  in  Leipsic  in  1865, 
Argelander,  who  was  then  president  of  the  society,  appears  to  have 
been  the  only  astronomer  who  had  a  clear  apprehension  of  the 
diflSculties  of  the  problem.  He  alone  had  detected  the  class  of 
errors  whose  existence  subsequent  investigations  have  definitely 
established.  He  alone  had  found  a  well-considered  plan  by  which 
these  errors  might  be  eliminated,  as  far  as  possible,  from  future 
observations. 

Argelander,  however,  always  claimed  for  Bessel  the  fii-st  definite 
proposal  of  the  proposition  under  consideration  (see  Astron.  Nadir., 
vol.  i,  257).  It  was  in  pursuance  of  this  plan  that  the  zones  be- 
tween — 15"*  and  + 1''^"  iii  declination  were  observed.  These  zones 
were  to  form  the  groundwork  of  the  Berlin  charts  ;  and  Argelander, 
in  the  execution  of  the  Bonn  Durchmusterung  simply  carried  out 
the  second  part  of  Bessel's  recommendation. 

These  two  great  works — the  second  being  a  continuation  of  the 
first,  under  a  better  and  more  feasible  plan  —  are  the  only  ones  in 
existence  which  give  us  any  knowledge  of  the  general  stractureof 
the  stellar  system,  with  the  exception  of  the  obser\'ations  of  Cooper 
at  Makree  obseiTatory,  and  the  charts  of  Chacoimac. 
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The  observations  of  stars  to  the  ninth  magnitude,  found  in  the 
catalogues  of  Bessel,  Lalande,  and  Piazzi,  form  the  groundwork  of 
the  Berlin  charts.  The  coordinates  in  right  ascension  and  declina- 
tion of  the  stars  found  in  these  authorities  were  first  reduced  to  the 
epoch  1800 ;  the  resulting  right  ascension  being  given  to  seconds 
of  time,  and  the  declination  to  tenths  of  minutes  of  arc.  With 
these  places  as  points  of  reference,  all  other  stars  were  filled  in, 
down  to  the  ninth  magnitude,  by  observations  with  equatorial 
instruments.  The  work  was  divided  into  zones  of  one  hour  each. 
Bremiker  undertook  five  zones;  Argelander  and  Schmidt,  two; 
Wolfei-s,  three;  and  Haixling,  two.  The  remaining  zones  were 
undertaken  by  different  astronomers  in  widely  separated  localities. 

The  work  seems  to  have  been  pei-formed  with  somewhat  unequal 
thoroughness,  some  zones  containing  nearly  all  the  stars  to  the 
ninth  magnitude,  while  in  others  a  large  number  of  stars  having 
this  limit  in  magnitude  are  wanting. 

The  Durchmusterung  undertaken  by  Argelander  at  Bonn  was  a 
far  more  serious  and  well-considered  undertaking.  This  unequalled 
work  consists  in  the  approximate  determination  of  the  co5i*dinates 
of  324,198  stars  situated  between — 2"*  and +  90**  declination.  It 
includes  stars  to  the  9.5  magnitude,  the  coordinates  being  given 
to  tenths  of  seconds  of  time,  and  the  declinations  to  tenths  of 
minutes  of  arc. 

The  first  definite  proposal  of  the  work  undertaken  by  the 
Gesellschaft,  however,  appears  to  have  been  made  by  Bruhns.  In 
the  course  of  a  report  upon  the  operations  of  the  Leipsic  observa- 
tory, he  stated,  that,  in  his  view,  the  time  had  come  for  undertak- 
ing a  uniform  system  of  determinations  of  the  places  of  stars  to 
the  ninth  magnitude  in  the  northern  hemisphere  by  means  of 
meridian  circles  but  he  proposed  at  the  same  time  that  the  position 
of  stars  fainter  than  the  ninth  magnitude  should  be  determined  by 
means  of  differential  observations  with  equatorial  instruments. 
After  explaining  certain  plans  and  arrangements  relating  particu- 
larly to  his  own  observatory,  he  introduced  the  following  resolu- 
tion :  — 

"The  Astronomische  Gesellschaft  regards  it  as  needful  that  all 
the  stars  to  the  ninth  magnitude,  occurring  in  the  Durchmusterung, 
should  be  observed  with  meridian  circles,  and  commissions  the 
council  to  an*ange  for  the  execution  of  the  work." 
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This  proposal  occasioned  a  long  and  somewhat  animated  discos- 
sion,  in  which  Argelander,  Hirsch,  Bruhns,  Forster,  Schonfeld,  and 
Struve  took  part. 

Argelander  declared  himself  surprised  at  this  proposal,  which 
called  for  the  rapid  realization  of  a  plan  of  organization  which  he 
had  been  considering  for  years  with  the  greatest  care,  the  diflScul- 
ties  of  which  he  had  maturely  considered,  and  the  execution  of  . 
which  still  demanded  the  most  careful  deliberation  and  preparation. 
One  of  the  necessary  preliminary  steps  was  a  plan  which  he  had 
already  prepared,  published  and  presented  to  the  society  in  an 
informal  way,  which  provided  for  contemporaneous  and  corre- 
sponding observations  of  the  brighter  stais.  As  president  of  the 
society,  he  felt  unequal  to  undertaking  the  charge  which  the 
acceptance  of  the  resolution  proposed  would  involve ;  as  this 
procedure  seemed  to  him  premature  without  previous  pi*epai*ation. 
He  would  admit,  however,  that  every  call  to  action  of  this  kind 
tended  to  stimulate  enthusiasm,  and  should  therefore  be  en- 
couraged ;  but  he  felt  obliged  to  ask  the  society  not  to,  require 
from  him  the  immediate  execution  of  the  plan,  but  to  intrust  the 
serious  consideration  of  it,  and  the  preparation  for  it,  to  his 
zealous  friends  in  the  council. 

Upon  the  motion  of  Struve,  the  society,  by  a  rising  vote,  ex- 
pressed its  confidence  in  the  assurance  of  the  president  that  he 
would  bring  forward  his  plan  at  the  proper  time,  as  soon  as  the 
means  for  its  execution  could  be  assured. 

At  the  meeting  held  at  Bonn  in  1867,  Argelander  again  brought 
up  the  subject  in  a  communication  which  appears  to  have  been  an 
exhaustive  discussion  of  the  whole  problem.  This  paper  is  not 
printed  in  the  proceedings  of  the  Gesellschaft ;  but  at  its  conclu- 
sion a  committee  was  appointed  to  take  definite  action  with 
respect  to  the  recommendations  which  it  contained.  The  commit- 
tee reported  at  the  same  session ;  and  their  report,  which  is 
published  in  the  place  of  the  paper  presented  by  Argelander,  is 
probably  identical  in  substance  with  it.  The  plan  proposed  and 
adopted  was  finally  published  in  the  form  of  a  programme,  in 
which  the  details  of  the  work  are  arranged  with  considerable 
minuteness.  As  this  programme  has  been  widely  distributed,  it 
seems  unnecessary  to  give  anything  more  than  a  general  abstract 
of  it.     Since  it  differs  in  a  few  minor  points  from  the  first  report 
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of  the  committee  at  the  Bonn  meeting,  the  essential  features  of 
this  report  will  be  given  instead  of  an  abstract  of  the  programme 
itself. 
They  are  as  follows :  — 

a.  The  limits  in  declination  of  the  proposed  series  of  observa- 
tions are  —  2**  and  +  80**.  The  first  limit  was  chosen  on  account 
of  the  lack  of  suitable  fundamental  stars  south  of  the  equator.  It 
is  probable,  also,  that  Argelander  had  a  suspicion  of  the  fact, 
since  proven,  that  the  uncertainty  with  respect  to  the  systematic 
errors  of  southern  stars  is,  of  necessity,  considerably  greater  than 
for  northern  stars,  and  that  on  this  account  it  would  be  better  to 
defer  this  pait  of  the  work  until  further  investigations  in  this 
direction  could  be  made. 

The  limit  +  80°  was  chosen  because  the  repetition  of  Carrington's 
observations  between  81**  and  90**  was  considered  superfluous,  and 
Hamburg  had  already  undertaken  the  extension  of  Carrington's 
observations  from  81®  to  80®. 

b.  Within  these  limits,  all  stars  in  the  Durchmusterung  to  the 
ninth  magnitude,  and,  in  addition,  all  stars  which  have  been  more 
exactly  observed  by  Lalande,  by  Bessel  at  Koenigsberg,  and  by 
Argelander  at  Bonn,  are  to  be  observed. 

c.  The  observations  are  to  be  differential.  The  clock  errors 
are  not  to  be  found  from  the  fundamental  stai's  usually  chosen  for 
this  purpose,  and  the  equator  point  corrections  are  not  to  be  de- 
rived from  observations  at  upper  and  lower  culminations,  but  these 
elements  are  to  be  derived  from  a  scries  of  500  or  600  stars, 
distributed  as  uniformly  as  possible  over  the  northern  heavens. 
The  exact  coordinates  of  these  are  to  be  determined  at  Pulkowa, 
thus  securing  the  unity  necessary  in  order  to  connect  in  one  sys- 
tem the  observations  of  different  zones. 

d.  Every  star  is  to  be  observed  twice.  If  the  two  observations 
differ  by  a  quantity  greater  than  ought  to  be  expected,  a  third 
observation  will  be  necessary. 

e.  In  order  to  facilitate  the  work,  it  will  be  desirable  to  use  only 
three  or  four  transit  threads,  and  only  one  or  two  microscopes. 
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In  order  to  facilitate  the  reductions  to  apparent  place,  tiie  working- 
list  of  stars  should  be  comprised  within  naiTow  limits. 

/.  Before  the  commencement  and  after  the  close  of  each  zone, 
two  or  three  fundamental  stars  are  to  be  observed  upon  the  same 
threads  and  with  the  same  microscopes  as  were  used  in  the  zone 
observations.  When  the  se%ing  is  not  good,  and  when  for  any 
other  cause  it  seems  desirable,  one  or  more  fundamental  stai*s  may 
be  observed  in  the  course  of  the  zone.  The  number  and  selection 
of  the  stars  will  depend  upon  the  character  of  the  instrument  em- 
ployed. If  it  remains  steady  for  several  hours,  and  has  no  strongly 
marked  flexure  or  division  errors,  or  if  these  errors  have  been 
shai-ply  determined,  the  fundamental  stars  may  be  situated  ten 
degrees  or  fifteen  degrees  away  from  the  zone  limits.  However, 
there  must  remain  many  things  for  which  no  general  rule  can  be 
given,  and  which  must  be  left  to  the  judgment  of  the  observer, 
aided  by  an  accurate  knowledge  of  his  instrument. 

g.  With  a  Jiepsold  or  a  Martin  instrument,  one  microscope  will 
be  suflScient,  if  its  position  with  respect  to  the  whole  four  can  be 
detei*mined.  It  will  be  sufficient,  if  the  change  in  position  during 
the  observations  can  be  interpolated  to  0.2". 

h.  It  will  be  desirable  to  divide  beforehand  the  zones  into  such 
time  intervals  that  the  observations  can  be  easily  made. 

t.  Zones  exceeding  one  and  one-half  or  at  the  most  two  hoars 
are  not  advisable,  first,  because  the  zero  points  will  be  too  far  apart, 
and  secondly,  because  a  longer  duration  will  involve  too  much 
fatigue  physicall}^  and  mentally. 

At  the  conclusion  of  this  report,  all  the  astronomers  present 
who  were  willing  to  take  part  in  this  work  were  requested  to  com- 
municate with  the  council,  stating  the  region  of  the  heavens  which 
they  preferred  to  select  for  observation. 

At  this  meeting,  Berlin,  Bonn,  Helsingfors,  Leipsic  and  Mann- 
heim, signified  their  intention  to  share  in  the  work.  Leiden  also 
expressed  its  intention  of  taking  part  as  soon  as  the  work  already 
undertaken  should  be  completed. 

When  the  stars  to  be  observed  had  been  selected  from  the 
Durchmusterung,  it  was  found  that  the  number  would  not  vary  much 
from  100,000,  requiring  rather  more  than  200,000  observations. 
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Preparations  for  the  work  of  observation  were  immediately  com- 
meDced ;  and,  by  the  time  of  the  next  report  in  1869,  consider- 
able progress  had  been  made. 

In  the  report  for  this  year,  the  provisional  places  of  a  catalogue 
of  539  fundamental  stais  were  published.  This  catalogue  is  com- 
posed of  two  parts.  The  list  of  Hauptsterne  consisting  of  336  stars 
to  the  fourth  magnitude,  had  been  previously  observed  at  Pulkowa 
by  Wagner  with  the  large  transit  instrument,  and  by  Gyld6n  with 
the  Ertel  vertical  circle.  The  list  of  Zusat-sterne  consists  of  203 
stars  fainter  than  the  fourth  magnitude.  As  the  details  of  the  work 
in  the  formation  of  the  provisional  places  of  the  stars  of  this  list 
are  not  given  in  the  report,  it  is  not  quite  clear  upon  what  authority 
they  rest.  The  work  assigned  to  the  Pulkowa  observatory  by  the 
zone  commission  was  the  exact  determination  of  the  places  of  the 
stars  of  this  list.  The  observations  were  undertaken  by  Gromadski 
with  the  Repsold  meridian  circle.  In  accordance  with  the  plan 
adopted,  each  star  was  observed  eight  times, —  four  times  in  each 
position  of  the  instrument.  The  observations  were  differential 
with  respect  to  the  Hauptsterne. 

The  results  were  published  by  Struve  in  1876  ;  and  the  places 
there  given  were  used  in  the  first  reduction  of  the  Harvard  College 
observations  for  1874-75,  and  perhaps  in  some  other  cases  also. 

About  this  time  a  change  seems  to  have  been  made  in  the  origi- 
nal plan  with  respect  to  the  formation  of  the  final  catalogue  of 
fundamental  stars,  of  which  I  have  been  unable  to  find  a  clear  ac- 
coant.  The  original  intention  was  to  make  the  positions  depend 
entirely  upon  the  observations  at  Pulkowa.  The  zone  coipmission 
established  bj'  the  Gesellschaft,  however,  committed  the  forma- 
tion of  this  catalogue  to  Auwers ;  and  it  is  to  him  that  we  owe 
the  most  complete  and  most  perfect  catalogue  of  fundamental 
stars  yet  published.  The  Pulkowa  system  for  1865  was  adopted 
as  the  basis ;  but,  in  order  to  obtain  greater  freedom  from  acci- 
dental stars,  the  final  catalogue  was  obtained  by  combining  with 
the  Pvlkowa  series,  the  Greenwich  observations  from  1836  to  1876, 
the  Harvard  College  observations  for  1871-2,  the  Leipsic  obser- 
vations, in  declination  only,  between  1866  and  1870,  and  the  Lei- 
den observations  in  declination  between  1864  and  1870.  Before 
this  combination  was  made,  however,  these  observations  were  all 
reduced  to  the  Pulkowa  system. 
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The  following  observatories  have  taken  part  in  the  zone  obser- 

vations : — 


Obseryatories. 


Kikolaiew  .... 

Albany  

Leipsic 

Lelpsio 

Berlin 

Cambridge  (Eog.)   . 
Leiden 


Limits  of 

zones  in 

declination. 


—  2' to 
-4-  1  ** 
--4  •• 

+10  ** 
--15 
--25 
--30 


r 

•5 

-10 

15 

-■25 

--35 


Observatories. 


Lund  .... 
Bonn  .... 
Harvard  College 
Helsingfors .  . 
Christiana  .  . 
Dorpat  .  .  . 
Kasan      .    .    . 


Limits  of 

zones  in 

declination* 


+75  "  -l-ao 


The  zone  between  — 2**  and  +1**  was  originally  undertaken  at 
Palermo,  that  between  -{-1^  and  +4°  at  Neuch4tel,  that  between 
+4**  and  +10**  at  Mannheim,  and  that  between  +35°  and  +40* 
at  Chicago. 

In  the  latter  case,  the  great  fire  at  Chicago  crippled  the  resources 
of  the  observatory  to  such  an  extent,  that  Safford  was  compelled 
to  relinquish  the  work,  which  was  at  that  time  quite  far  advanced. 

The  chief  items  in  connection  with  this  work  are  found  in  the 
accompanying  tabular  statement. 

Attention  was  called,  at  an  early  date,  to  the  importance  of  con- 
tinuing the  survey  of  the  northern  heavens  beyond  the  southern 
limit  fixed  by  Argelander.  The  preparation  necessary  for  the 
execution  of  this  work  consisted  in  the  extension  of  the  Durch- 
musterung  to  the  tropic  of  Capricorn.  This  was  undertaken  by 
Schonfeld. 

In  the  report  to  the  Gesellschaft  at  the  meeting  held  at  Stock- 
holm in  1877,  he  has  given  an  account  of  this  work,  in  which  he 
stated  that  it  was  sulllciently  near  completion  to  invite  the  consid- 
eration of  the  question  of  the  meridian  circle  determinations  of 
the  places  of  stars  to  the  ninth  magnitude.  The  lack  of  southern 
fundamental  stars  whose  positions  were  well  determined  was  still 
a  hinderance  to  the  immediate  commencement  of  the  work.  Rel- 
atively more  stars  of  this  class  are  required  than  in  the  northern 
observations,  in  order  to  eliminate  the  inequalities  due  to  refrac- 
tion. Schonfeld  stated,  that,  while  the  burden  of  the  determi- 
nation of  the  places  of  these  southern  fundamental  stars  must  rest 
mainly  upon  southern  observations,  it  seemed  necessary  to  con- 
nect them  with  the  Pulkowa  system  by  a  connecting  link  (Mittel- 
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Apr. 
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1870 
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1870 

Mny 
1876 

Apr. 
1870 

Oct. 
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Mar. 
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- 

Nov. 
1870 

Jan. 
1870 

Aug. 
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tS- 

Feb. 
1870 
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1881 

Mnr. 
1870 

Jnne 
1882 

- 

- 

Whole 
No.  of  ob- 
servations 

of  Bone 
stars. 


4400 


20480 


S5000 


S4107 


10383 
stars  Ob* 
served. 


210004- 


23147 


—  41000 


22400 


88706 


11019 


8400 
stars  ob- 
served. 


Whole 

No.  of  ob- 

sorvntions 

of  Aiuda- 

mental 

stars. 


800 


400sUr8 
observed* 


2010 


8596 


74  stars 
observed. 


2500 


2400 


6800 


10900 


4  or  more 

stars  for 

each  zone. 
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glied),  through  observations  at  some  observator}'  well  situated  for 
this  purpose.  At  this  meeting  Sande  Bakhuj^zen,  at  Leiden,  gave 
notice  of  intention  to  take  part  in  this  work.  Gylden  urged  the 
importance  of  securing  the  cooperation  of  Melbourne  ;  and  Peters 
suggested  the  advantage  of  securing  Washington  as  an  additional 
"  mean  term"  (V.  J.  S.,  1877,  p.  265). 

The  next  reference  to  this  work  is  contained  in  the  Vierteljahrs- 
schrift  for  1881,  xv,  p.  270.  A  list  of  three  hundred  and  three 
southern  stars  is  here  given,  whose  exact  places  were  at  that  time 
being  determined  at  Leiden  and  at  tlic  Cape  of  Good  Hope. 
This  list  was  selected  by  Schonfeld  and  Sande  Bakhuyzen,  in  a 
wa3'  to  meet  the  requirements  referred  to  in  previous  discussions. 

A  final  catalogue  of  eighty -three  southern  fundamental  stars 
by  Auwers  appears  in  this  number  of  the  Vierteljahrsschrift.  The 
places  depend  upon  the  same  authorities  as  for  the  northern  stars, 
with  the  addition  of  the  Cape  of  Good  Hope  catalogue  for  1860, 
Willianistown,  Melbourne  for  1870,  and  Harvard  College  (Safford) 
for  1864.  For  stars  not  observed  at  Pulkowa,  the  general  cata- 
logue of  Yarnall  (1858-Gl),  and  the  Washington  observations, 
with  the  new  meridian  circle  between  1872  and  1875,  were  em- 
ployed. As  in  the  case  of  the  northern  stars,  these  observations 
arc  all  reduced  to  the  Pulkowa  system  for  1865.  It  is  understood 
that  the  coordinates  of  the  list  of  three  hundred  and  three  stars 
are  to  depend  upon  this  extension  of  the  general  system  of  Publi- 
cation xiv,  to  the  limits  required  by  the  southern  Durchmusterung 
of  Schonfeld. 

It  would  be  surprising  if  all  the  conditions  of  success  were 
fulOlled  in  the  first  execution  of  a  work  having  the  magnitude,  and 
involving  the  difl3culties,  of  the  scheme  of  observations  under- 
taken under  the  auspices  of  the  Gesellschaft.  The  extent  of  the 
discordances  which  are  to  be  expected  between  the  results  ob- 
tained b}'  difierent  observers  can  only  be  ascertained  when  the 
observations  by  which  the  different  zones  are  to  be  connected 
have  been  reduced.  Each  observer  extended  the  working-list  of 
bis  own  zone  10'  north  and  south  ;  and  it  is  expected  that  a  suffi- 
cient number  of  observations  of  this  kind  have  been  made  to  deter- 
mine the  systematic  relations  existing  between  the  coordinates  of 
each  zone  with  those  of  its  neighbor. 

It  is  probable,   however,  that  the  experience  of  Gill  will  be 
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repealed  on  a  larger  scale.  In  1878  he  solicited  the  cooperation 
of  astronomers  in  the  determination  of  the  coordinates  of  twent}*- 
eight  stars,  which  he  desired  to  employ  in  the  reduction  of  his 
heliometer  observations  of  the  planet  Mars  for  the  purpose  of 
obtaining  the  solar  parallax.  The  results  obtained  at  twelve  ob- 
servatories of  the  fust  class  are  published  in  vol.  xxxix,  p.  99,  of 
the  Monthl}^  Notices  of  the  Roj'al  Astronomical  Society.  Not- 
withstanding the  fact  that  the  final  values  obtained  at  each  obser- 
vatory depend  upon  several  observations,  the  average  difference 
between  the  least  and  the  greatest  results,  obtained  by  different 
observers  for  each  star,  is  0.24'  in  right  ascension  and  2".3  in 
declination.  In  four  cases  the  difference  in  right  ascension  ex- 
ceeds 0.80%  and  in  four  cases  the  difference  in  declination  exceeds 
8".0. 

Even  after  the  results  are  reduced  to  a  homogeneous  system, 
the  following  outstanding  deviations  from  a  mean  system  are 
found : — 


Authority. 

A  a 

A  a 

Anthoritj. 

A  a 

A  a 

Koenigsberg     .    . 
Melbourne   .     .    . 
riiikowa       .    .    . 
Loipsic    .... 
Greenwich    .    .    . 
Berlin 

t. 

kOCfi 
-.020 
-.005 
-.049 
-.001) 
-.044 

»» 

-0.71 
— 0.4» 

H-o.:w 

+0  40 

— O.ftO 

-H).C7 

Leiden      .    .    . 
Paris    .... 
WnBhinffton  .     . 
Harvard  College, 
Cordolm   .     .    . 
Oxford      .    .    . 

t. 

—.053 
+.055 
-.120 
—.0:2 

— .a« 

-I-.076 

-0.19 
+0.01 
-t-0.78 
-1-0.09 

The  observations  of  a  second  list  of  twelve  stars,  one-lialf  of 
the  number  being  comparatively  bright,  and  the  remaining  half 
faint,  showed  no  marked  improvement,  either  with  respect  to  the 
magnitude  of  errors  which  could  be  classed  as  accidental,  or  in 
regard  to  the  systematic  deviations  from  a  mean  system. 

This  discussion  revealed  one  source  of  discordance  which  will 
doubtless  affect  the  zone  observations,  viz. :  the  difference  between 
right  ascensions  determined  by  the  eye-and-ear  method,  and  those 
determined  with  the  aid  of  the  chronograph. 

The  programme  of  the  Gesellschaft  makes  no  provision  for  the 
elimination  of  errors  which  depend  upon  the  magnitude  of  the 
stais  observed  ;  but  special  observations  have  been  undertaken  at 
several  observatories  for  the  purpose  of  defining  the  relation  be- 
tween the  results  for  stars  of  different  magnitudes.  At  Harvard 
College  observatory,  the  direct  effect  of  a  reduction  of  the  magni- 
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lude  has  been  ascertained  by  reducing  the  aperture  of  the  tele- 
scope by  means  of  diaphragms.  Besides  this,  the  observations 
have  been  arranged  in  such  a  manner  that  an  error  depending  up- 
on the  magnitude  can  be  derived  from  an  investigation  of  the 
obsei'vations  upon  two  successive  nights. 

At  Leiden,  at  Albany,  and  perhaps  at  other  observatories,  the 
effect  of  magnitude  has  been  determined  by  observations  through 
whe  gauze.  But  notwithstanding  all  the  precautions  which  have 
been  taken  in  the  observations,  and  which  may  be  taken  in  the 
redactions,  it  will  undoubtedly  be  found  that  the  final  results  ob- 
tained will  involve  errors  which  cannot  be  entirely  eliminated. 

in  the  experience  of  the  speaker,  two  other  sources  of  error 
have  been  detected.  It  has  been  found,  that  there  is  a  well-defined 
equation  between  the  observations,  which  is  a  function  of  the 
amount,  and  the  character  of  the  illumination  of  the  field  of  the 
telescope.  It  has  also  been  found  that  observations  made  under 
very  unfavorable  atmospheric  conditions  differ  systematically  from 
those  made  under  favorable  conditions.  When  the  seeing  was 
noted  as  very  bad,  it  is  found  that  the  observed  right  ascensions 
are  about  .08*  too  great,  and  that  the  observed  declinations  are 
about  0".8  too  great. 

There  ai;p  doubtless  other  sources  of  error  which  the  discussion 
of  the  observations  will  bring  to  light.  The  effect  of  the  discov- 
er}' of  these  and  other  errors  will  probably  be  to  hasten  the  repe- 
tition of  the  zone  observations  under  a  more  perfect  scheme, 
framed  in  such  a  manner  as  to  cover  all  the  deficiencies  which  ex- 
perience has  revealed,  or  may  yet  reveal.  The  labor  involved  in 
this  supplemental  survey  would  not  be  very  great,  since  the  object 
sought  would  be  accomplished  by  a  special  programme  of  obser- 
vation, involving  perhaps  one-tenth  of  the  number  of  observations 
made  in  the  present  su^ve3^  One  would  not  probably  go  far 
astray  in  naming  the  j^ear  1900  as  the  mean  epoch  of  the  new 
survey.  If  the  observations  are  again  repeated  in  1950,  suflScient 
datft  will  then  have  been  accumulated  for  at  least  an  approximate 
determination  of  the  laws  of  sidereal  motion. 

What  is  the  present  state  of  our  knowledge  upon  this  subject? 
It  can  be  safely  said  that  it  is  very  limited.  First  of  all,  it  cannot 
be  aflirmed  that  there  is  a  sidereal  system  in  the  sense  in  which  we 
speak  of  the  solar  system.  In  the  case  of  the  solar  system,  we 
have  a  central  sun  about  which  the  planets  and  their  satellites 
revolve  in  obedience  to  laws  which  are  satisfied  by  the  hypothesis 
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of  universal  gravitation.  Do  the  same  laws  pervade  the  inter- 
stellar spaces  ?  Is  the  law  of  gravitation  indeed  universal?  What 
pb3'8ieal  connection  exists  between  the  solar  system  and  the  un- 
numbered and  innumerable  stars  which  form  the  galaxy  of  the 
heavens?  Do  these  stars  form  a  system  which  has  its  own  laws 
of  relative  rest  and  motion  ?  or  is  the  solar  system  a  pai't  of  the 
stupendous  whole?  Does  the  solar  system  receive  its  laws  from 
the  sidereal  system  ?  or  did  Newton  indeed  pierce  the  depths  of 
the  universe  in  the  discovery  of  the  law  which  gave  him  immor- 
tality? Are  we  to  take  the  alternative  stated  by  Ball,— either 
tliat  our  sidereal  system  is  not  an  entirel}'  isolated  object,  or  its 
bodies  must  be  vastly  more  numerous  or  more  massive  than  even 
our  most  liberal  interpretation  of  observations  would  seem  to  war- 
rant? Are  we  to  conclude,  for  example,  that  stars  like  1830 
Groombridge  and  a  Centauri,  "  after  having  travelled  from  an  in- 
finitely great  distance  on  one  side  of  the  heavens,  are  now  passing 
through  our  system  for  the  first  and  only  time,  and  that  after 
leaving  our  system  they  will  retreat  again  into  the  depths  of 
space  to  a  distance  which,  for  anything  we  can  tell,  may  be  prac- 
tically regarded  as  infinite?"  Can  we  assert  with  Newcomb,  that 
in  all  probability  the  stars  do  not  form  a  stable  system  in  the  sense 
in  which  we  say  that  the  solar  system  is  stable,  that  the  stais  of 
this  system  do  not  revolve  around  definite  attractive  centres? 
Admitting  that  the  solar  system  is  moving  through  space,  can  we 
at  the  present  moment  even  determine  whether  that  motion  is  rec- 
tilinear or  curved,  to  say  nothing  of  the  laws  which  govern  that 
motion  ?  How  much  of  truth  is  there  in  the  conjectures  of  Wright, 
Kant,  Lambert,  and  Mitchel,  or  even  in  the  more  serious  conclu- 
sions of  Madler,  that  Alcyone  of  the  Pleiades  is  the  central  sun 
about  which  the  solar  system  revolves? 

These  are  questions  which,  if  solved  at  all,  must  be  solved  by  a 
critical  study  of  observations  of  precision  accumulated  at  widely 
separated  epochs  of  time.  The  first  step  in  the  solution  has  been 
taken  in  the  systematic  survey  of  the  northern  heavens  under- 
taken by  the  Gesellschaft,  and  in  the  survey  of  the  southern 
heavens  at  Cordoba  by  Dr.  Gould.  The  year  1875  is  the  epoch 
about  which  are  grouped  the  data  which,  combined  with  similar 
data  for  an  epoch  not  earlier  than  1950,  will  go  far  towards  clear- 
ing up  the  doubts  which  now  rest  upon  the  question  of  the  direc- 
tion and  the  amount  of  the  solar  motion  in  space ;  and  it  cannot 
.  be  doubted  that  our  knowledge  of  the  laws  which  connect  the  si- 


Digitized  by 


Google 


ADDRES8   BT   W.    A.   ROGERS. 


C9 


dereal  with  the  solar  sjstem  will  be  largely  increased  through  this 
investigation.  The  basis  of  this  knowledge  must  be  the  observed 
proper  motions  of  a  selected  list  of  stars,  so  exactly  determined 
that  the  residual  mean  error  shall  not  affect  the  results  derived  ; 
or,  failing  in  this,  of  grofips  of  stars  symmetrically  distributed 
over  the  visible  heavens,  sufficient  in  number  to  affect  an  elimina- 
tion of  the  accidental  errors  of  observation,  without  disturbing 
the  eqailibrium  of  the  general  system. 

For  an  investigation  of  this  kind,  a  complete  system  of  zone 
observations,  at  widely  separated  intervals,  will  afford  the  neces- 
sary data,  if  the  following  conditions  are  fulfilled. 

First :  The  proper  motions  must  be  derived  by  a  method  which 
does  not  involve  an  exact  knowledge  of  the  constants  of  preces- 
sion. In  every  investigation  with  which  I  am  acquainted,  the  de- 
rived proper  motions  are  functions  of  this  element. 

Second:  The  general  sj'stem  of  proper  motions  derived  must 
be  free  from  systematic  errors.  Errors  of  this  class  may  be  in- 
troduced either  through  the  periodic  errors  inherent  in  the  system 
of  fundamental  stars  emplo^-od  in  the  reduction  of  the  zone  obser- 
vations, or  in  a  change  in  the  constants  of  precession.  It  is  in 
this  respect  that  the  utmost  precaution  will  be  required.  If  from 
any  caase  errors  of  even  small  magnitude  are  introduce<l  into  the 
general  system  of  proper  motions  at  an}'  point,  the  effect  of  these 
errors  apon  the  values  of  the  coordinates  at  any  future  epoch  will 
Im»  directly  proportional  to  the  interval  elapsed.  We  can,  there- 
fore, compute  the  exact  amount  of  the  accumulated  error  for  any 
given  time. 

When  this  test  is  applied  to  the  stellar  systems  indei>endently 
determined  by  Auwers,  Safford,  Boss  and  Newcomb,  we  find  the 
following  deviations  inter  se  at  the  end  of  a  century. 
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It  is  the  common  impression,  that  both  the  direction  and  the 
amount  of  the  motion  of  the  solar  system  in  space  are  now  well 
established.  The  conclusions  of  Struve  upon  this  point  are  stated 
in  such  explicit  language  that  it  is  not  surprising  that  this  impres- 
sion exists.  He  says,  '^  The  motion  of  the  solar  system  in  space 
is  directed  to  a  point  in  the  celestial  sphere  situate  on  the  right 
line  wliicli  joins  the  two  stars  of  the  third  magnitude  r  and  a*  Her- 
culis  at  a  quarter  of  the  appai-ent  distance  between  these  stars 
measured  from  ;r  Herculis.  The  velocity  of  this  motion  is  such 
that  the  sun,  with  the  whole  cortege  of  bodies  dejjending  on  him, 
advances  anuually  in  the  diix^ction  indicated,  through  a  space  equal 
to  1.623  radii  of  the  terrestrial  orbit  or  one  hundred  and  fifty-four 
millious  of  miles.** 

It  must  be  admitted  that  there  is  a  general  agreement  in  the  as- 
signment by  different  investigators  of  the  coordinates  of  the  solar 
apex.     This  will  be  seen  fi-oro  the  following  talxilar  values : 


AuUioritiw. 


Herschel,  1783  . 
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Klugel,  1789  . 
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In  estimating  the  value  which  should  be  attached  to  these  re- 
sults, several  considerations  must  be  taken  into  account. 

(a)  All  of  the  results  except  those  of  Galloway  depend  prac- 
tically upon  the  same  authorities  at  one  epoch,  viz.,  upon  Bradley. 

(b)  The  deviations  inter  se  probably  result,  in  a  large  measure, 
from  the  systematic  errors  inherent  in  one  or  both  of  the  funda- 
mental systems  from  which  the  proper  motions  were  derived.  For 
example,  Lundahl  employed  Pond  as  one  of  his  authorities,  and  it 
is  in  Pond*s  catalogue  that  the  most  decided  periodic  errors  exist. 

(c)  Biot  in  1812,  Bessel  in  1818,  and  Airy  in  1859,  reached 
the  conclusion  that  the  certainty  of  the  movement  of  the  solar 
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system  towards  a  given  point  in   the  lieavens  could  not  be  af- 
firmed. 

(d)  The  problem  is  indirect.  In  the  case  of  a  member  of  the 
solar  S3'stem,  exact  data  will  determine  the  exact  position  in 
orbit  at  a  given  time ;  but  here  we  have  neither  exact  data,  nor 
can  we  employ  trigonometrical  methods  in  the  solution.  We  sim- 
ply find  that  the  observed  proper  motions  are  probably  some- 
what better  reconciled  under  the  hypothesis  of  an  assumed 
position  of  the  apex  of  the  solar  motion.  The  method  of  inves- 
tigation employed  by  Safford,  who  has  of  late  years  given  much 
attention  to  this  subject,  consists  in  assuming  a  system  of  coor- 
dinates for  the  pole  of  the  solar  motion,  from  which  is  determined 
the  direction  each  star  would  have  if  its  own  proper  motion 
were  zero.  Comparing  this  direction  with  the  observed  direction 
as  indicated  by  the  observed  proper  motion,  equations  of  condi- 
dition  are  formed  from  which  a  correction  is  found  to  the  as- 
sumed position  of  the  apex,  by  the  method  of  least  squares. 

It  must  always  be  kept  in  mind,  that  the  quantities  with  which 
we  must  deal  in  this  investigation  are  exceedingly  minute,  and 
that  the  accidental  eiTorsof  observation  are  at  any  time  liable  to 
lead  to  illusory  results.  The  weak  link  in  the  chain  of  Madler's 
reasoning  is  to  be  found  here.  I  think  we  can  assume  0".2  as  the 
limit  of  precision  in  the  absolute  determination  of  the  coordinates 
of  any  star,  however  great  the  number  of  observations  upon 
which  it  depends.  Be^'ond  this  limit  it  is  impossible  to  go,  in 
the  present  date  of  instnimental  astronomy.  It  is  safe  to  say, 
tliat  there  is  not  a  single  star  in  the  heavens  whose  coordinates 
are  known  with  certainty  within  this  limit.  Do  not  misundersland 
me.  Doubtless  there  are  many  stars  in  which  the  error  will  at 
some  future  time  be  found  to  fall  within  this  limit.  But  who  is 
prepared  to  select  a  particular  star,  and  say  that  the  absolute 
position  of  this  star  in  space  cannot  be  more  than  0''.2  in  error? 

(e)  At  present  an  arbitrary  hypothesis  is  necessary  in  the  dis- 
cussion of  the  problem.  Airy  assumed  that  the  relative  distances 
of  the  stars  are  proportional  to  their  magnitudes  ;  and  he  found 
slightly  different  results  according  to  different  modes  of  treat- 
ment. Safford  in  his  investigation  made  use  of  a  device  which 
he  had  previously  employed  in  the  computation  of  the  differential 
coefficients  of  planetary  elements,  thereby  reducing  to  a  certain  ex- 


Digitized  by 


Google 


72  SECTION  A.   ADDRESS   BT  W.   A.   ROGERS. 

tent  the  magnitude  of  the  residuals  between  observation  and  compu- 
tation to  quantities  of  tlie  second  order.  Tlie  axis  of  Z  was  located 
in  the  direction  of  Argelander's  determination  of  the  apex  of  liie 
solar  motion  or  in  right  ascension  259°  50".8  and  declination  4*32'* 
29M.  The  axis  of  Xwus  placed  in  the  equator  in  right  ascension 
349°50'.8  and  that  of  Fin  right  ascension  79''  50'.8  and  in  declina- 
tion 57**  30'. 9.  When  the  reductions  to  these  three  axes  were  made, 
it  was  found  that  nearly  all  of  the  motion  was  along  the  axis  of  Z 
as  was  to  be  expected  from  the  assumption  made.  The  tendency 
to  move  in  this  direction  was  therefore  primarily  assumed  to  re- 
present the  solar  motion.  Since  it  was  found  that  the  average  fac- 
tor^ by  which  the  proper  motion  must  be  multiplied  in  order  to 
represent  this  tendency,  changes  only  in  a  slight  degree  with  the 
magnitude  of  the  proper  motion  itself,  the  proper  motion  was 
assumed,  as  a  first  approximation,  to  be  inversely  proportional  to 
this  element. 

Later  investigations  have  been  made  by  De  Ball  (Ueber  die 
eigene  Bewegung  des  Sonnensterns,  Bonn,  1877)  but  the  details 
have  not  yet  come  to  hand.  It  is  understood,  however,  that  his 
results  coincide  in  a  general  way  with  those  previously  obtained. 

The  most  recent  investigation  is  by  Bolte.  His  paper  may  be 
consiilered  as  a  numerical  application  of  tlie  formulae  by  wliich 
Schonfeld  has  attempted  to  express  the  relation  between  tlie  motion 
of  the  solar  system  and  a  systematic  rotation  of  the  fixed  stars 
which  is  assumed  to  take  place  in  a  direction  perpendicular  to  the 
plane  of  the  Milky  Way.  The  values  of  the  precession  constants 
derived  are  certainly  interesting,  but  they  can  liardly  be  considered 
decisive,  especially  in  view  of  the  fact  that  the  values  derived  from 
the  observed  declinations  alone  do  not  agree  especially  well  witii 
the  values  derived  from  the  right  ascensions. 

It  is  clear  from  this  brief  review,  that  we  have  here  a  fielcl  of 
investigation  worthy  of  the  highest  powers  of  the  astronomer. 
The  first  step  has  been  taken  in  the  survej'  of  the  heavens  carried 
on  under  tlie  auspices  of  the  Gescllschaft.  It  remains  for  the 
astronomers  of  the  present  generation  to  solve  the  difl3culties 
which  now  environ  the  problem,  and  to  prepare  the  way  for  a  more 
perfect  scheme  of  observation  in  the  next  century. 
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The  total  Solar  Eclipse  of  Mat  6,  1888.    By  Edwabd  S. 
HoLDEN  of  Madison,  Wisconsin. 

[ABSTRACT.] 

This  eclipse  had  the  longest  totality  of  any  which  has  been 
observed. 

Au  expedition  was  sent  by  the  National  Academy  of  Sciences 
and  the  United  States  Coast  Survey  jointly,  under  direction  of  a 
committee  from  the  former.  Expenses  were  met  by  an  appropria- 
tion of  $5,000  by  Congress  and  by  the  National  Academy  of 
Sciences  from  a  fund  left  by  Professor  Watson.  The  navy  depart- 
ment also  placed  the  United  States  steamer  Hartford  at  the 
disposal  of  the  academy,  to  transport  the  expedition  from  Peru  to 
Caroline  Island,  where  the  eclipse  was  to  be  observed,  and  thence 
to  IlonoluUi. 

The  efforts  of  Mr.  Rockwell  to  provide  money  by  private  sub- 
scription for  this  undertaking,  though  directly  unsuccessful,  pre- 
pared the  way  by  drawing  public  attention. 

Professor  Young  was  the  chairman  of  the  committee  of  the 
National  Academy  of  Sciences :  it  was  at  one  time  hoped  that  he 
would  take  charge  of  the  observing  party,  but  this  proved  imprac- 
ticable. The  reports  of  different  members  of  the  party  ai*e  to  be 
submitted  to  the  National  Academj'  of  Sciences  in*November.  Mr. 
Holden  has,  however,  permission  of  the  academy  to  present  an 
account  of  the  observation  before  the  American  Association.  It 
is  understood  that  the  present  is  not  by  any  means  a  final  report. 
This  especially  applies  to  the  observations  of  Dr.  Hastings,  from 
which  that  gentleman  concludes  that  the  solar  corona  is  chiefly  a 
phenomenon  due  to  the  diffraction  of  the  solar  light  at  the  moon's 
limb.  The  computations  to  demonstrate  this  are  not  3'et  at  hand, 
bpt  are  to  be  completed  in  a  few  weeks. 

(73) 


Digitized  by 


Google 


74  SBcrrioN  a. 

The  American  party  consisted  of  Edward  S.  Holden,  director  of 
Washburn  Observatory,  Madison,  Wis. ;  Charles  S.  Hastings,  pro- 
fessor of  physics  in  the  Johns  Hopkins  University,  Baltimore, 
Md. ;  Charles  H.  Rockwell,  Tanytown,  N.  Y.;  E.  D.  Preston,  aid 
U.  S.  Coast  and  Geodetic  Survey,  Washington,  D.  C. ;  Winslow 
Upton,  U.  S.  Signal-oflace,  Washington,  D.  C. ;  and  Ensign  S.  J. 
Brown,  U.  S.  N.,U.  S.  Naval  Observatory,  Washington,  D.  C. 

The  original  six  members  of  the  party  were  joined,  on  April  20, 
by  four  volunteer  observers,  all  officers  of  the  U.  S.  ship  Hartford : 
these  were  Lieut.  E.  F.  Qualtrough,  U.  S.  N. ;  Passed  Assistant- 
surgeon  W.  S.  Dixon,  U.  S.  N. ;  Midshipman  W.  S.  Fletcher,  U. 
S.  N. ;  and  Midshipman  J.  G.  Doyle,  U.  S.  N. 

On  March  11  the  party  was  strengthened  by  the  joining  (at 
Colon)  of  the  two  English  gentlemen  who  were  sent  out  by  the 
Royal  Society  of  London  to  make  photographic  observations  of  the 
eclipse,  under  instructions  from  J.  Norman  Lockyer,  Esq.,  F.  R.  S., 
and  Capt.  W.  de  W.  Abney,  R.  E.,  of  the  Science  and  Art  De- 
partment of  the  South  Kensington  Museum.  These  were  H.  A. 
Lawrance,  London,  Eng.,  and  C.  Ray  Woods,  London,  Eng. 

During  the  stay  of  the  party  on  Caroline  Island  (April  21  to 
May  9)  ten  petty  officers  and  men  of  the  Hartford  remained,  and 
rendered  very  intelligent  assistance. 

In  all,  the  party  on  the  island  consisted  of  twenty-two  persons. 

After  giving  details  of  the  proceedings  of  the  expedition,  its 
anival,  and  the  preparations  for  the  eclipse,  Mr.  Holden  states,  as 
to  the  event  itself,  that  the  following  atmospheric  conditions  pre- 
vailed :  the  sky  proved  clear  at  first  contact,  cloudy  at  intervals 
till  near  totality,  clear  during  totality  except  a  slight  haze  during 
its  first  minute,  cloudy  a  few  minutes  after  third  contact,  and 
finally  clear  at  fourth  contact. 

The  meteorological  observations  were  made  by  Mr.  Upton,  and 
are  especially  ncfteworthy.  In  two  weeks,  April  25  to  May  9, 
twenty  showers  were  recorded  ;  but  the  rainfall  in  each  was  very 
small,  the  total  in  the  two  weeks  being  about  eight  inches.  Ha^f 
of  this  fell  during  the  only  considerable  disturbance  of  the 
weather,  which  took  place  May  4,  when  it  rained  from  midnight 
to  9.50  A.  M. 

The  barometer  was  notably  uniform.  Its  diurnal  movements 
were  plainly  marked  ;  the  maxima  being  at  9  a.  m.  and  p.  m.,  the 
minima  at  3  a.  h.  and  p.  h.    The  indications  of  the  thermometer 
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were  very  constant.  The  daily  range  was  9.3**,  the  highest  reading 
was  89. 3**,  the  lowest  72.4**,  the  daily  maximum  at  noon^  the  naini- 
mum  at  6  a.  m.  The  relative  humidity  ranged  from  70  per  cent 
at  midday  to  84  in  early  morning,  and  at  no  time  fell  below  61. 
The  island  lies  in  the  region  of.  the  south-east  trades,  but  the  wind 
(which  was  very  steady)  blew  constantly  between  north  and  east. 
The  average  velocity  of  the  wind  was  6.05  miles;  the  largest 
during  twenty-four  hours  was  212  miles,  the  least  69  miles; 
the  highest  velocity,  registered  in  a  squall,  was  16  miles  per  hour. 
The  botanical  and  zoological  observations  are  not  yet  ready  for 
publication.  During  the  voyage  a  series  of  observations  was  made 
by  Mr.  Upton  on  southern  variable  stars.  Dr.  Hastings  and  Mr. 
Holden,  while  on  the  island,  discovered  twenty-three  new  double 
stars,  a  list  of  which  has  appeared  in  Science. 

In  preparing  for  the  eclipse,  Mr.  Ilolden  assigned  to  each  ob- 
server a  single  duty,  not  requiring  him  to  move  from  one  instru- 
ment to  another.  The  entire  field  of  photography  was  left  to  the 
English  party  accompanying  our  own,  and  to  the  French  party 
under  M.  Janssen,  who  were  very  successful  in  photographing  the 
corona. 

The  combination  of  polariscope  and  telescope  was  used,  but  not 
with  successful  results,  the  apparatus  proving  unsuitable.  Dr.  W. 
S.  Dixon,  who  attended  to  a  telescopic  examination  of  the  details 
of  the  inner  corona,  will  report  on  the  same  separatel}',  giving  a 
drawing  of  the  corona.  With  the  spectroscope,  the  chief  point  of 
the  observation  of  Dr.  Hastings  was  as  to  the  relative  lengths  of 
the  Wue  1474  east  and  west  of  the  sun.  At  second  contact,  this 
line  was  12'  in  length  east  and  3'  west.  The  length  of  1474  east 
diminished,  while  1474  west  increased.  At  mid-totality  these 
were  equal,  Before  the  thiixi  contact,  the  appearances  were 
reversed  :  1474  west  was  longer  and  brighter  than  1474  east. 

At  the  beginning  of  totality,  the  lines  O,  i>,,  -P,  and  (near  G) 
were  seen  brilliant  but  very  short.  At  mid-oclipse  the  spectrum 
was  deliberately  examined.  On  a  continuous  spectrum,  two  lines 
only  were  seen:  1474  bright,  and  the  D  line  dark,  (7,  £,  ft,  F, 
were  certainly  wanting.  Near  the  end  of  totality,  C,  />,,  and  F 
appeared  again,  very  short.  Mr.  Upton  reports  that  five  seconds 
after  second  contact,  four  curved  lines  were  seen, —  C,  D^,  1474,  F. 
A  light  cloud  passed  over  the  sun ;  and  on  its  disappearance  the 
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spectrum  showed  a  small  line,  of  abont  one-tbird  the  height  of  the 
others,  between  1474  and  F,  One  hundred  seconds  after  second 
contact,  three  coronal  rings  took  the  place  of  the  lines ;  they  were 
red,  yellowish-green,  and  green,  and  are  snpi>osed  to  l)e  C,  i),,  and 
1474.  Two  hundred  seconds  after,  second  contact,  the  red  ring 
was  decidedly  the  brightest,  and  it  continued  to  increase  in  bright- 
ness during  sixty  seconds.  Two  hundred  and  ninety  seconds  after 
second  contact,  the  four  curved  lines,  C,  D^,  1474,  F,  appeared. 
The  reversal  of  the  bright  lines  at  third  contact  was  observed. 
The  change  was  instantaneous,  or  nearly  so.  The  reversal  of  the 
Fraunhofer  lines  was  not  seen.  The  only  bright  line  seen  for  the 
first  190  seconds  was  1474.  A  dark  line  was  seen,  which  was 
probably  D, 

Mr.  Rockwell,  using  a  Rutherford  grating  and  a  nanow  slit 
tangential  to  the  limb,  reported  that  1474  K  was  not  seen  until  a 
minute  and  a  half  had  passed.  It  was  followed  4'  or  5'  west  of 
the  limb,  twice  ;  and  it  was  seen  only  on  the  western  side  of  the 
moon.  Two  green  lines  were  also  seen,  each  brighter  and  broader 
tban  1474,  but  much  shorter. 

Due  credit  is  given  by  Mr.  Ilolden  to  each  of  the  observers  of 
the  party.  His  own  observations  were  confined  to  a  search  for  the 
planet  Vulcan,  reported  to  exist  by  Professors  Watson  and  Swift. 
Mr.  Holden's  search  continued  during  the  whole  of  totality  (five 
minutes  and  twenty-five  seconds),  with  a  six-inch  telescope  witb  a 
power  of  44  and  field  of  67'  in  declination.  He  saw  QXQvy  star  on 
the  map  which  he  had  previously  published  in  Science  (Feb.  23, 
1883),  down  to  the  sixth  magnitude,  inclusive,  except  the  three 
sixth  magnitude  stars  nearest  to  the  sun  ;  and  he  saw  only  these 
stars.  One  of  the  stars  of  the  map  was  of  the  same  magnitude 
as  Watson's  ''  Vulcan."  This  was  a  conspicuous  object.  No  star 
half  so  bright  as  this  could  possibly  have  escaped  observation. 
Mr.  Ilolden  is  therefore  confident  that  Vulcan  does  not  exist 
within  the  limits  swept  over.  Mr.  Ilolden  also  determine<i  the 
direction  of  the  motion  of  the  diffraction  bands  before  and  after 
totality.  This  was  an  observation  which  he  could  not  make  suc- 
cessfully in  Colorado  in  1878,  and  which  he  believes  has  not  been 
before  made 
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Internal  Contacts  in  Transits  of  the  Inferior  Planets.    By 
J.  R.  Eastman  of  Washington,  D.C. 

[abstract.] 

From  the  general  discussion  which  followed  the  announcement 
of  the  results  from  the  modern  reexamination  of  the  observations 
of  1761  and  1769  and  of  the  methods  employed  in  obtaining  them, 
it  became  unpleasantly  certain  that  the  numerical  value  of  the 
solar  parallax  depended  chiefly  npon  the  computer's  interpretation 
of  the  observer's  record. 

From  the  earliest  observations  most  of  the  observers  had  been 
more  or  less  baflied  by  a  phenomenon  generally  known  as  the 
'black  drop"  or  "dark  ligament"  which,  at  or  about  the  expected 
times  of  internal  contact,  had  appeared  between  the  limbs  of  the 
Sun  and  Venus,  and  rendered  the  recorded  times  of  the  contacts 
uncertain  to  the  extent  of  fifteen  or  twenty  seconds. 

As  the  "  black  drop"  was  generally  seen  by  those  who  observed 
the  transits  of  the  eighteenth  century,  the  interpretation  of  the 
recorded  observations  was  the  principal  problem  which  challenged 
the  skill  of  those  astronomers  who  attempted  a  new  discussion  of 
the  observations  of  1769. 

PowALKY  seems  to  have  adopted  no  rule  for  explaining  the 
meaning  of  the  records,  rejecting  such  as  he  deemed  discordant, 
and  in  1864  he  deduced  a  new  value  of  r  z=  8". 832.  • 

Stone,  after  a  careful  study  of  all  the  records,  adopted  a  rigid 
rule  for  interpreting  the  records  in  all  cases  where  the  ''  black 
drop"  was  seen  and  from  his  discussion  obtained  the  value  8".9I. 
He  concluded  that  the  *' black  drop"  or  some  modification  of 
it  was  a  necessary  phenomenon  whenever  a  black  disk  like  Venus 
or  Mercury  was  seen  against  the  bright  surface  of  the  Sun. 

In  1868,  Mr.  Stone  said  :^  **  The  apparent  diameter  of  the  Sun 
is  increased,  and  the  apparent  diameter  of  Venus,  while  on  the 
Sun's  disk,  is  decreased  from  the  same  causes  which  produce  the 
spurious  disk  of  a  star  in  the  focus  of  a  lens.  When  the  true 
limb  of  Venus  falls  in  a  line  with  the  true  limb  of  the  Sun,  the 
light  is  cut  off;  the  spurious  enlargement  of  the  Sun's  disk  and 
encroachment  on  that  of  Venus  is  destroyed  at  the  point  of  con- 
tact, and,  as  a  consequence,  a  dark  ligament  appears  to  connect 

s  Monthly  Notices  B.  A.  8..  vol.  XXIX,  p.  47. 
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the  apparent  limbs  of  the  Sun  and  Venus.  This  is  the  real  internal 
contact.  The  breadth  of  the  connecting  ligament  rapidly  in- 
creases, and,  after  some  eighteen  seconds,  the  exact  interval 
depending  upon  the  circumstances  of  the  transit  and  the  success 
in  first  catching  phase  (1),  the  limbs  of  Venus  and  the  Sun  will 
appear  in  contact.  This  is  the  second  phase  for  accurate  obser- 
vation, the  apparent  internal  contact." 

This  quotation  from  Mr.  Stone  expresses  very  fairly  the  opinion 
of  those  who  believe  that  the  *'  black  drop"  is,  from  the  nature  of 
the  circumstances,  a  natural  and  necessary  phenomenon. 

In  1876,  M.  ANDRf:,2  the  astronomer  who  had  charge  of  the 
French  expedition  to  Noumea,  in  1874,  to  observe  the  transit  of 
Venus,  announced  as  the  result  of  analytical  investigation  and  of 
a  long  series  of  experiments  made  by  himself,  that: 

"  The  bridge,  black  ligament,  or  black  drop  as  it  is  variously 
called,  is  a  necessary  phenomenon  under  certain  circumstances, 
and  not  merely  accidental.  With  an  unchanging  source  of  light 
of  sufficient  brilliancy  the  angular  dimensions  of  the  ligament  are 
inversely  proportional  to  the  diameter  of  the  object-glass,  and 
with  an  aperture  of  five  inches  the  drop  is  scarcely  perceptible. 
Diaphragms  should  never  be  used  when  observing  Venus  in  transit, 
as  the  apparent  dimensions  of  the  drop  are  augmented  by  any  in- 
crease in  focal  length. 

"  It  is  always  possible  to  get  rid  of  the  ligament  and  reduce  the 
phenomena  to  '*  geometrical  contacts,  either 

(a)  by  reducing  sufl3ciently  the  intensity  of  the  source  of  light, 
or  augmenting  the  absorbing  power  of  the  dark  glass  employed  : 
or,  again 

(6)  by  covering  the  object-glass  with  a  network  diaphragm  com- 
posed of  rings  alternately  full  and  empty,  and  all  very  thin,  but 
bearing  a  certain  proportion  to  the  focal  length  of  the  lens." 

These  results  and  opinions  of  M.  Andr£  were  not  generally 
known  at  the  time  of  the  transit  of  Mercury  in  1878,  though  An- 
i>r6  travelled  from  Paris  to  Ogden  in  Utah  to  test  his  results,  from 
analysis  and  experiment,  by  actual  observation.  His  theories 
were  confirmed  by  his  observations  in  1878,  and  in  1881  he  pub- 
lished his  results  more  fully  together  with  the  details  of  his  ex- 
periments. 

In  1878  the  necessity  of  the'*black  drop"  phenomena  was  gener- 

>  Monthly  Notices  R.  A.  S.,  vol.  XXXVU,  p.  50. 
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ally  recognized,  and  it  was  seen  by  many  observers  of  the  transit  of 
Mercury.  Some  who  saw  it  evidently  regarded  their  success  in  find- 
ing it,  an  evidence  of  the  good  quality  of  their  observations.  In 
a  few  cases  observers  apologized  for  failing  to  see  the  black  drop. 

One  fact,  however,  was  worthy  of  notice,  that  every  observer,  so 
far  as  I  could  ascertain,  who  was  accustomed  to  observe  the  limbs 
of  the  Sun  for  position ;  or,  in  other  words,  to  get  by  means  of 
shade  glasses  the  best  definition  of  the  Sun's  limbs  with  an  illu- 
mination somewhat  Ze^s  than  the  eye  could  easily  bear, — didnot  see 
any  trace  of  the  black  drop. 

Although  I  had  then  seen  no  account  of  Andr&'s  experiments 
and  had  given  but  little  attention  to  his  deductions  as  announced 
in  the  Royal  Astronomical  Society  by  Father  Perr}*,  I  was  con- 
vinced after  my  observation  of  the  transit  of  Mercury  in  '78,  that 
the  theory  of  a  necessary  ''  black  drop"  was  fallacious.  As  I  had 
hecn  able  to  make  only  one  experiment,  the  data  to  sustain  my 
belief,  from  my  own  observations,  were  very  meagre  and  I  waited 
four  years  for  another  opportunity.  Many  other  observers  in  1878 
failed  to  see  the  obstructing  phenomenon,  but  out  of  the  various 
descriptions  of  the  contact  observations  I  did  not  find  the  exact 
data  which  I  desired  as  proof. 

The  experience  gained  in  the  observations  of  May  6,  1878,  and 
from  the  subsequent  discussions  of  the  results,  were  probably  not 
without  their  cfiect  in  the  observations  of  the  transit  of  Venus  in 
Dec,  1882,  for  I  have  3'et  to  learn  of  any  observer  in  the  eight 
American  parties  organized  by  the  Transit-of- Venus  Commission 
who  saw  any  trace  of  the  *'  black  drop ;"  while  in  1874  many  of 
them  report  such  phenomena. 

Last  December,  at  the  Transit-of- Venus  station  at  Cedar  Keys, 
Florida,  the  observation  of  first  contact  was  prevented  by  a  cloud 
which  covered  onlj^  a  small  portion  of  the  Sun's  disk.  This  cloud 
soon  disapiKjarcd  and  the  illumination  was  reduced,  with  the  slid- 
ing shade-glass,  until  the  brightness  was  considerably  less  than 
could  be  easily  borne  by  the  eje,  while  the  definition  of  the  Sun's 
limb  was  perfect.  The  Sun  was  surrounded  by  haze,  and  thin 
cirri  which  increased  the  steadiness  and  definition  of  the  limb  and 
permitted  the  use  of  a  less  dense  shade-glass. 

The  definition  and  steadiness  of  Venus  were  all  that  could  be 
desired,  and  there  was  no  modification,  at  the  limbs,  of  the  dense 
black  color  of  the  disk. 
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The  objective  of  the  telescope  was  five  inches  in  diameter,  and 
the  whole  aperture  was  used.  The  eye-piece  magnified  216  di- 
ameters, and  was  used  in  connection  with  a  Ilerschel  solar  prism. 
The  shade-glass  was  a  wedge  of  neutral  tint  mounted  against  a 
similar  wedge  of  plain  glass  in  a  thin  brass  frame,  the  whole 
sliding  freely  in  a  slotted  cap  for  the  ej^e-piece. 

My  attention  was  of  course  directed,  ^rsf,  to  fixing  the  exact 
time  of  contact ;  second^  to  looking  for  the  black  drop  and  its  mod- 
ifications, or  for  any  change  in  the  tint  of  the  Sun's  limb  at  the 
point  of  contact. 

The  entire  disk  of  Venus  was  visible  for  several  minutes  before 
second  contact,  and  the  portion  beyond  the  Sun's  disk  was  bor- 
dered by  a  narrow  line  of  light  much  less  bright  than  the  limb  of 
the  Sun,  and  of  a  lighter  tint. 

The  progress  of  the  transit  was  strikingly  barren  of  notable 
events.  About  one  minute  before  the  contact,  the  apparent  mo- 
tion of  the  cusps  of  the  Sun  as  they  closed  around  the  planet  was 
noticeably  increasing,  though  the  movement  was  the  perfection  of 
steadiness. 

I  had  not  long  to  wait,  for  the  cusps  rapidly  swept  around  the 
body  of  the  planet  in  a  perfectly  steady  line  of  sunlight  of  the  same 
tint  as  the  adjacent  parts  of  the  Sun.  This  line  was  as  narrow  as 
I  could  see  with  a  power  of  216,  and  was  free  from  any  tremors  or 
pulsations. 

There  was  not  the  slightest  agitation  of  the  limbs  of  either 
body  near  the  point  of  contact,  and  no  trace  of  any  black  dropj 
ligament  or  band. 

There  was  no  change  of  color  or  tint  on  the  limb  of  Venus  near 
the  point  of  contact,  and  no  indication  of  any  clinging  of  the  limbs. 

The  contact  was  as  easily  and  I  think  as  accurately  observed  as 
the  transit  of  a  star  withiu  8°  of  the  pole  under  the  best  conditions. 
The  uucertainty  of  noting  the  time  of  the  visible  contact  could 
not  be  greater  than  three-tenths  of  a  second. 

The  phenomena  at  the  third  contact  were  similar  to  those  at  the 
second  in  the  reversed  order. 

From  my  own  experience  in  1882  and  in  1878,  as  well  as  from 
the  work  of  other  observers,  I  am  thoroughly  convinced  that  with 
a  properly  arranged  telescope  and  shade  glasses,  no  good  observer 
need  have  any  trouble  from  any  phase  of  the  "  black  drop."  It 
must  not  be  forgotten  that  the  observer  of  contacts  has  but  a 
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single  purpose  in  view.  He  has  no  time  to  devote  to  the  study 
of  any  branch  of  solar  physics ;  he  is  simply  to  obtain  a  good  defi- 
nition of  the  Sun's  limb  as  a  reference  point  in  the  passage  of  the 
limb  of  Ventts.  Searching  for  some  new  thing  detracts  from  the 
value  of  his  proper  work. 

If  it  be  urged  that  the  light  should  be  as  strong  as  the  eye 
can  bear,  thereby  producing  all  the  troublesome  phenomena  that 
diffraction  or  irradiation  will  give  at  the  limit  of  vision,  why  not 
simplify  the  process  by  discarding  shade  glasses  and  all  aids  to 
good  vision,  and  see, — nothing  that  is  trustworthy. 


Observations  de  M.  J.  Janssen,  Directeur  de  l'observatoirb 

DB  MbUDON,  chef  de  LA  MISSION  FRANCAISE  A  l'IlE  CAROLINE 
pour   l'OBSERVATION    de   L*fiCLIP8E  TOTALE  DU   6   MaI,    1883. 

Communicated  by  Prof.  J.  R.  Eastman  of  Washington,  D.  C. 

OBSERVATIONS   SPECTROSCOPIQUES. 

Lb  but  principal  des  observations  de  Tauteur  itait  I'^tude  des 
raies  obscures  de  la  couronne. 

D'apr^s  Tavis  de  I'auteur  la  visibilit6  de  ccs  raies  depend 
beauconp  plus  du  pouvoir  lumineux  de  Tinstrument  que  de  la  per- 
fection des  images. 

D'apres  ces  vues  Tauteur  avait  fait  construire  un  t^l^scope 
(reflecting)  dont  le  miroir  a  50  centimetres  de  diam^tre  et  seule- 
ment  1™  60  de  foyer.  Dans  cet  instrument  les  images  de  la  lune 
sont  d'une  intensity  extraordinaire  et  qui  blcsse  la  vue.  Avec  ce 
telescope  on  a  pu  obtenir  de  bonne  images  de  la  lumiere  cendree  en 
une  minute  d'exposition.  C'est  cet  instrument  qui  a  '6t^  employ^ 
jk  Caroline.  Le  spectroscope  adapts  au  t^l^scope  est  form6  d'un 
prisme  k  vision  directe  contenant  les  prismes  de  matidre  tres  pure. 
Le  collimateur  a  un  foyer  et  une  ouverture  calculus  pour  que  tous 
les  rayons  envoyis  par  le  miroir  soient  utilises  par  lui. 

Un  chercheur  tr^s  precis  est  disposi  sur  Tinstrument  de  mani^re 
que  Tun  des  yeux  6tant  au  chercheur  I'autre  osil  puisse  avoir  Ta- 
ludyse  da  ph^nom^ne. 

A.   A.   A.  8.,  VOL.  XXXn.  6 
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Avant  la  totality  complete  le  miroir  du  telescope  6tait  couvert 
en  partie  pour  6viter  que  les  rayons  solaires  ne  brissent  le  prisme 
r6flecteur  qui  renvoie  la  lumiere  dans  le  spectroscope. 

Des  que  la  totalite  a  6t6  presque  complete  le  mii*oir  a  4t6  com- 
pletement  d6couvert,  et  on  a  commence  Texploration  de  la  cou- 
ronne. 

On  a  rcconnu  d'abord  les  raies  biillantes  que  la  conronne 
pr^sente  ordinairement  mais,  ce  qui  a  6te  nouveau  et  plus  coraplet 
qu'on  nc  s'y  attcndait  m^me,  c'est  que  le  fond  du  spectre  coronal 
a  prcseut6  le  spectre  FraunJioferien  complet;  c'est-a-dire,  les  raies 
obscures  du  spectre  solaire  moins  celles  de  ces  raies  qui  de- 
vicnnent  brillantcs  dans  la  couronne,  commc  C.  F.  etc.,  et  celles 
qui  par  leur  finesse  ne  sont  visibles  que  dans  les  spectroscopes 
extrement  dispcrsifs.  Et  ce  qu'il  faut  bien  remarqucr  c'est  que 
dans  les  circonstances  d'6clairement  ou  on  ctait  plac6,  tontes  les 
raies  obscures  du  spectre  solaire  qu'il  6tait  th^oriquement  possible 
de  voir  out  6te  vucs. 

J'ai  m^me  6t6  si  frapp6  de  T^vidence  du  phfinomene  que  j'ai 
demande  a  M.  Trouvelot,  qui  observait  k  cote  de  moi  de  venir  le 
voir.  Mais  ces  occupations  Ten  out  empSchd.  Ce  pb6noraene 
remarquable  a  6t6  observ6  dans  les  parties  les  plus  brillantes  de 
la  couronne,  mais  non  d'une  maniere  6gale  a  meme  distance  du 
limbe  lunaire.  Ceci  indique  qu'il  y  a  dans  la  couronne  des  parties 
qui  r^fl^cbissent  beaucoup  plus  abondaraent  la  lumiere  6man^e  du 
globe  solaire,  circonstance  en  accord  avec  Texistence  autour  de  ce 
globe  de  matieres  cosmiques  circulant  autour  de  lui. 

Nous  ne  d6velopperons  pas  ici  toutes  les  consequences  du  fait 
constate  k  Caroline,  nous  voulons  surtout  constater  Tcxistence 
dans  le  spectre  coronal  du  spectre  de  Fraunhofer  complet,  nous 
rdservant  de  revenir  sur  les  cons6quences  de  ce  pb^nomene, 
relativement  &  la  constitution  de  la  couronne  et  des  espaces 
circurasolaires.  J'ai  trouv6  le  spectre  de  la  couronne  continu  dans 
certaines  rdgions  basses  de  la  couronne. 

J'ai  etudid  aussi  les  anneaux  de  Hespigbi.  Ces  anneaux  ne  se 
sont  pas  montr^s  r6guliers  autour  du  limbe  lunaire ;  lis  ont  pre- 
sent6  deux  particularit6s  de  structure  qui  raontrent  la  complexity 
du  pb6nomeue  coronal  et  qui  seront  discut6es  plus  tard. 

La  lumiere  de  la  couronne  ^tait  vivement  et  radialemeat 
polarisie. 

Toutes  ces  Etudes:  examen  des  formes  de  la  couronne,  raies 
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obscures  anncaux  de  Respighi,  polarisation  £taient  associ^es  en 
Tue  de  la  question  des  mati^res  cosmiques  circumsol aires,  nous 
pensons  que  les  r6sultats  obtenus  k  Caroline  et  sp^cialement  la 
constatation  du  spectre  fraiinhof6ricn  dans  les  regions  circum- 
solaires  avancent  cette  question. 

PHOTOGRAPHIK. 

J'avais  emport^  de  France  deux  grands  appareils  sur  lesquels 
itaicnt  raontes  huit  cimmbres  photographiques,  dans  le  but 
d'6tudier  la  question  des  planetes  intrapmercurielles  et  eel  les  des 
formes  de  T^tendue  de  la  couronne. 

Vu  des  appareils  photograpbique  avait  un  objectif  de  8  pouces 
d'ouverture  qui  embrassait  une  region  de  15®  tout  autour  du  soleil. 
Cette  appareil  donne,  par  une  belle  nuit,  des  6toiles  de  6  et  7* 
grandeur  en  quelques  minutes.  II  6tait  sp^cialement  destinfi  k 
Caroline,  a  la  recherclie  des  planetes  hypothetiques  intra-mercu- 
rielles.  Un  premier  examen  des  plaques  permet  de  dire  que  rien 
d'important  k  ce  point  de  vue  ne  s'est  montr6  autour  du  soleil 
pendant  T^clipse  totale. 

Pour  moi  la  non  existence  de  planetes  importantes  intra-mercu- 
rielles  me  semble  d6montr6,  sinon  d'une  mani^re  absolue  aa 
moins  avec  une  probability  extr^ment  considerable.  Les  autres 
appareils  photograph iques  avaient  des  i)ouvoirs  lumineux  trJs 
diflRSrents  et  ^taient  destines  "a  r6soudre  plusieurs  questions  noa- 
velles  sur  la  constitution  de  la  couronne. 

Ces  appareils  ont  montr6  que  la  couronne  est  un  ph^nom^ne 
d^limit^  et  qu'au  del^  d'un  certain  temps  de  pose  son  image 
pliotographique  n'augmente  plus  en  etendue. 

Vue  des  images  de  la  couronne  a  M  obtenue  avec  un  objectif 
de  4  pouces  k  court  foyer  et  qui  a  agi  pendant  cinq  minutes  com- 
plete svir  une  plaque  a  la  gelatine  tres  sensible.  La  couronne  y  est 
nettement  limit^e  et  d'^tendue  sensiblement  6gale  k  celle  obtenue 
avec  des  actions  lumineuses  beaucoup  plus  faibles. 

Les  formes  de  la  couronne  se  sont  montr^es  fixes  pendant  toute 
la  dur£e  de  la  totality.  En  r6sum6  mes  observations  k  Caroline 
tendent  k  ^tablir:  qu'il  n'existe  point  de  planetes  ultra-mercu- 
rielles  importantes,  et  que  les  perturbations  reconnues  par 
Leverrier  dans  les  mouvement  de  Mercure,  doivent  plut6t  ^tre 
rechercb6s  dans  la  presence  de  mati^res  cosmiques  circnlant  autour 
da  soleil. 
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Orbit  of  the  great  Comet  op  1882.     By  Edgar  Frisbt  of 
Washington,  D.  C. 

rABSTRACT.I 

This  is  a  partial  record  of  observations  at  Washington.  Mr. 
Winlock  of  the  U.  S.  Naval  Observatory  is  preparing  a  descrip- 
tion of  all  the  physical  phenomena  of  the  comet  which  were  there 
observed.  The  first  observation  of  the  comet  made  at  Washing- 
ton was  with  the  9.6  inch  Equatorial  at  about  two  o'clock  on  the 
afternoon  of  September  19,  comparisons  being  made  with  the  sun 
for  the  position  of  the  comet.  Good  meridian  observations  were 
obtained  on  September  20  and  21,  and  from  the  equatorial  obser- 
vation on  the  19th  and  the  two  meridian  observations  of  the  20th 
and  21st,  calculations  were  made  which  served  to  fix  the  place  of 
the  comet  with  fair  approximate  accuracy'  for  three  months,  which 
was  a  somewhat  remarkable  success.  After  the  fifth  of  October 
a  difl3culty  occurred  in  obtaining  accurate  observations,  on  account 
of  several  different  points  of  light  being  presented  in  an  ill-defined 
nucleus,  and  it  was  uncertain  whether  the  observations  always 
referred  to  the  same  luminous  point,  •the  nucleus  sometimes  ex- 
tending over  as  much  as  four  seconds  of  time  in  right  ascension 
and  as  much  as  three  or  four  tenths  of  a  minute  in  declination. 

The  following  elements  were  computed  from  obser\'ations  made 
iat  the  U.  S.  Naval  Observatory  on  September  19,  October  8  and 
November  24,  astronomical  time,  the  first  and  last  being  made  on 
the  meridian  and  the  middle  one  on  the  equatorial. 


Perihelion  Time 

Sept.  17.  2282 

Wash.  M.  T. 

Q=    346^     V 

7.91" 

(P 

89^  13'  42.70" 

7:^Q=      69    36 

12.79 

log.  a      = 

1.9331366 

i=z    141    69 

52.16 

log.  q      = 

7.8904739 

period          = 

793.689  years, 

The  elements  are  refeiTcd  to  the  mean  equinox  of  1883.0. 

The  first  accurate  observation  of  this  comet  of  which  we  have 
any  record  was  made  by  Mr.  Finlay  at  the  Cape  of  Good  Hope 
on  September  8.  Among  the  last  were  observations  made  at  the 
Kempshot  observatory,  Jamaica,  April  26,  27,  May  5  and  6  b}' 
Mr.  Maxwell  Hall.  The  elements  compared  with  the  Cape  of 
Good  Hope  observation  give  a  correction  of  only  half  a  second  of 
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time  in  right  ascension  and  about  one  second  in  declination ;  com- 
pared with  the  Jamaica  observations  the  corrections  vary  from  0 
to  3'  in  right  ascension  and  from  0/ 1  to  1/8  in  declination.  Com- 
parisons were  also  made  with  other  observations  which  gave  a 
correction  sometimes  as  much  as  8*  or  4*  in  right  ascension  and 
about  0.'3  in  declination ;  these  variations  probably  being  partly 
accounted  for  from  observing  different  parts  of  the  nucleus. 

The  elements  were  also  compared  with  the  computations  of 
other  astronomers.  The  most  prominent  variation  was  in  respect 
to  the  period  which  others  gave  as  659,  654,  823,  852  and  997 
years.  The  last  period  was  that  computed  by  Dr.  Morrison  of 
the  Nautical  Almanac  Office  at  Washington. 

The  difference  between  793  and  997  years  seems  considerable, 
but  the  elements  agree  very  closely,  the  inclination  being  exactly 
the  same  as  that  here  given ;  the  position  of  the  node,  and  the 
distance  from  the  perihelion  to  the  node  differing  only  by  about 
0.'3.  The  period  of  853  years  was  computed  by  Dr.  Kreutz,  that 
of  823  by  Fabritius.  A  pasteboard  model  constructed  by  Mr. 
Winlock  was  exhibited,  showing  the  relative  positions  in  space  of 
the  earth,  sun  and  comet. 


Observations  upon  Uranus  made  in  1883,  at  Princeton,  N.  J. 
By  C.  A.  YoDNG  of  Princeton,  N.  J. 

[▲B8TBACT.] 

During  May  and  June,  1883,  a  series  of  micrometric  meas- 
urements upon  the  planet's  disk  was  made,  for  the  purpose  of 
determining  its  ellipticity ;  the  time  being  especially  favoi-able 
because  of  the  planet's  nearness  to  the  node  of  the  satellite  orbits. 
The  instrument  used  was  the  23  inch  equatorial  of  the  Ilalsted 
Observatoiy,  with  the  filar  micrometer :  powers  of  480  and  720. 

For  the  polar  diameter,  reduced  to  the  mean  distance  19.1826, 
we  obtained  from  140  readings  on  eight  different  evenings,  3''.974. 

For  the  equatorial  diameter, 4".280, 

from  the  same  number  of  readings  on  the  same  evenings.  May  18 
to  June  19  inclusive. 

The  ellipticity  of  the  disk  deduced  is  about  ^. 
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Whenever  the  seeing  was  good,  fainl  markings  were  always 
visible  on  the  disk  of  the  planet. 

They  appeared  to  be  dark  belts,  resembling  somewhat  those  of 
Jupiter.  Usually  there  were  two  of  them,  one  on  each  side  of  the 
equator,  their  general  trend  being  commonly  in  the  direction  of 
the  major  axis  of  the  satellite  orbits,  though  on  one  or  two  occa- 
sions they  seemed  to  be  inclined  sinistrorsum  to  this  line  by  some 
10°  or  20°.  Nothing  was  made  out  which  could  give  a  satisfactory 
determination  of  the  planet's  axial  rotation.  Once  or  twice  a 
difference  was  noted  between  the  brightness  of  the  two  polar 
regions,  the  western  being  brighter  than  the  eastern  ;  and  on  one 
evening  one  of  the  observers  (C.  A.  Y.)  suspected  a  sort  of  spur 
running  out  from  the  polar  edge  of  the  western  belt:  but  the 
object  was  very  faint,  and  the  appearance  never  recnrretl. 

The  observations  were  made  by  Professor  Young  and  Mr. 
McNeill. 


Physical  Phenomena  on  the  Planet  Jupiter.    By  G.  W,  Hough 

of  Chicago,  111. 

The  rapid  motion  of  revolution  of  the  planet,  by  changing  the 
positions  of  the  markings  on  the  surface  to  our  line  of  sight, 
makes  great  apparent  differences  in  their  8ha|)es  and  sizes.  This 
has  perhaps  been  the  occasion  of  reix>rts  of  sudden  and  great 
changes  upon  the'  surface.  The  changes  are  not  sudden  but  are 
gradual ;  and  many  of  the  features  are  permanent.  Minor  changes 
are  constantly  in  progi-ess  in  the  equatorial  belts.  The  author  re- 
cently observed  the  belt  drifting  down  toward  the  red  spot;  but 
although  it  partly  surrounded  it,  they  did  not  coalesce,  and  the 
spot  foi-ced  a  scallop  into  the  belt, — a  very  cuiious  phenomenon. 
The  author  saw  a  satellite  pass  over  the  red  spot,  though  the  sat- 
ellites are  not  visible  when  on  the  white  part  of  the  disk.  lie 
had  also  had  a  chance  to  compare  shadows  of  satellites  on  the  disk 
and  on  the  8iK>t,  and  both  are  dark.  The  red  spot  has  8€emingl3- 
retrograded  during  the  past  four  years  ;  that  is  to  say,  the  rotation 
of  Jupiter  has  seemingly  increased  from  9  h.  55  m.  53  s.,  to  9  h. 
55  m.  38  s.  The  future  observer  should  attend  moi*e  carefully  to 
what  he  sees,  and  theorize  afterward. 
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Ok  a  Method  op  OBSERviNa  the  Eclipses  op  Jupiter's  Satel- 
lites, EMPLOYED  AT  THE  LaWRENCE  OBSERVATORY  OF  AmHERST 

College,  bearing  on  the  Determination  of  certain  correc- 
tions  PROPER  TO   BE   APPLIED  TO  THE  EARLY  OBSERVATIONS  OF 

THESE  Eclipses.    By  David  P.  Todd  of  Amherst,  Mass. 

[ABSTRACT.] 

Among  the  more  important  corrections  which  have  to  be  applied 
to  the  early  observations  of  the  eclipses  of  Jupiter's  satellites  to 
render  them  homogeneous  and  comparable,  is  the  correction  for 
aperture  of  the  telescopes  used  in  making  the  observations.  With 
reference  to  throwing  some  light  on  this  question,  a  method  has 
been  devised  whereby  any  given  eclipse  may  be  repeatedly 
observed  at  either  phase  by  a  single  observer  with  varying  aper- 
tures of  his  telescope.  This  method  was  brought  into  use  at  the 
Lawrence  Observatory  early  in  the  present  year,  and  the  results 
so  far  obtained  indicate  the  desirability  of  continuing  the  work  in 
the  future. 


Observations  on  the  transit  op  Venus  made  at  Columbia  Col- 
lege Observatory.    By  J.  K.  Rees  of  New  York,  N.  Y. 


Investigation  of  the  Light  Variations  of  Sawyer's  Variable. 
By  S.  C.  Chandler,  Jr.,  of  Cambridge,  Mass. 

[AD8TRACT.] 

This  paper  contains  a  discussion  of  the  elements  and  light 
curve  of  this  variable  of  the  Algol  type,  from  all  the  available 
material.  The  period  is  shown  to  be  at  present  20  h.,  7  m.,  42.0 
8.,  and  the  presence  of  an  irregularity  in  the  period  is  demonstrated 
by  observations  at  Cordoba  and  Copenhagen  in  1871  and  1863 
respectively.  Anomalies  in  the  light  curve  are  also  shown  very 
probably  to  exist. 


Digitized  by 


Google 


88  SECTION  A. 


Results  of  Tests  with  the  Almuoantar,  in  Tike  and  Latitude. 
By  S.  C.  Chandler,  Jr.,  of  Cambridge,  Mass. 

[AB8TBA0T.] 

The  instrument  which  has  been  named  the  "  almuoantar  **  was  de- 
scribed and  figured  in  a  paper  presented  to  the  association  at  its 
meeting  in  1880.  In  its  general  nature  it  is  an  equal  altitude 
instrument.  A  hollow  rectangular  trough  containing  mercury  re- 
volves horizontally  on  an  upright  central  pillar.  The  tix)ngh  con- 
tains a  float  which  is  perfectly  free  to  obtain  equilibrium,  while  it 
is  constrained  to  revolve  with  the  trough.  The  float  carries  a 
telescope  which  turns  on  a  horizontal  axis,  and  can  be  clamped  at 
any  desired  altitude.  When  this  instrument  is  revolved  on  its 
vertical  axis,  any  given  point  in  the  field  of  view  describes  a  hori- 
zontal small  circle,  or  almuoantar,  in  the  heavens.  The  transits  of 
stars  over  a  series  of  horizontal  lines  will  thus  affbixi  means  of 
determining  the  altitude  of  the  instrument,  the  error  of  the  clock, 
the  latitude  or  the  declinations  of  the  stars,  by  a  proper  distribution 
of  the  observations  in  azimuth. 

A  higher  degi*ee  of  accuracy  is  attainable  by  this  instrument 
than  by  a  transit  or  a  zenith  telescope  of  the  same  size.  The  au- 
thoi**s  comparison  of  results  is  as  follows :  the  probable  error  of 
a  single  star  in  determining  the  clock  error  is  only  ±  0.05*  or 
±0.06'.  With  a  transit  instrument  of  the  same  size,  the  quantity 
is  not  less  than  ±  0.08'.  With  the  almuoantar  the  probable  error  in 
determining  the  latitude  from  a  single  star  is  :t  0.55'',  including  the 
error  of  the  star's  place.  This  is  about  equal  to  the  pix>bable  error 
of  a  pair  of  stars  by  Talcott's  method,  with  the  larger  telescopes 
of  the  United  States  coast-survey. 

The  instrument  was  a  small  one,  —  1}  inches  aperture  and  25 
inches  focus.  It  was  constructed  for  experiment  only,  in  a  provis- 
ional way,  at  a  cost  of  $150.  There  are  obvious  defects  in  design 
and  construction :  when  these  are  remedied,  the  errors  can  be  much 
reduced. 

A  series  of  observations  with  this  instrument  are  given  by  the 
author,  for  the  latitude  of  a  pier  about  80  feet  north  of  the  Harvard- 
college  observatory.  The  value  obtained  by  averaging  these  is 
0.7"  less  than  given  by  Professor  Peirce  in  his  discussion  of  the 
prime  vertical  transit  observations  taken  by  the  Messrs.  Bond,  and 
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adopted  as  tbe  standard  value  of  the  latitude  of  the  observatory, 
allowance  of  course  being  made  for  differences  between  piers. 
The  author  «5oncludes  that  Professor  Peirce's  value  is  too  large  by 
fully  three-quarters  of  a  second.  By  way  of  proof  the  author  gives 
a  series  of  observations  on  the  five  stars  used  by  Professor  Peirce. 
These  are  compared  with  those  of  Auwers  and  Boss,  and  the  cor- 
rection of  the  hitherto  accepted  value  of  the  latitude  now  indicated 
by  the  almucantar  is  thereby  confirmed. 

The  clock  errors  of  two  nights  selected  at  random,  as  given  by 
the  almucantar,  were  exhibited  by  the  author.  The  results  both 
in  time  and  latitude  would  be  considered  satisfactory  with  an  or- 
dinary instrument  of  two  or  three  times  the  size.  The  almucantar 
can  be  made  much  larger  than  the  one  under  trial,  certainly  of  five 
or  six  inches  aperture,  with  corresponding  increase  of  precision 
along  with  greater  optical  power.  Its  mechanical  construction  is 
simple,  and  reduces  the  sources  of  error.  Thus  in  the  older  instru- 
ments there  are  involved:  1.  The  accurate  construction  of  parts 
as  of  pivots,  level,  graduated  circles.  2.  Fixity  of  mounting,  to 
avoid  a  shifting  of  the  instrumental  plane.  3.  Rigidity  of  the  in- 
strument itself,  to  secure  constancy  of  coUimation  and  flexure.  In 
the  almucantar  only  the  lastcondition  has  to  be  satisfied,  and  it  is  by 
far  the  easiest  of  the  three  to  be  attained  mechanically. 

The  author  regards  the  principle  of  flotation  adopted  as  being 
as  delicate  an  indication  of  the  direction  of  gravity  as  is  obtained 
by  the  spirit-level. 

The  almucantar  gives  promise  of  a  new  instrumental  resource  in 
the  higher  practical  astronomy.  It  is  competent  to  deal  with  the 
most  delicate  problems.  It  will  evade  some  of  the  minute  sources 
of  errors  that  still  cling  to  meridian  instruments.  Especially,  it 
furnishes  a  method  for  obviating  difliculties,  hitherto  regarded  as 
almost  insuperable,  connected  with  flexure  and  refraction,  in  ob- 
servations with  the  meridian  circle. 


A    STANDARD    TiME-POINTER    AND   A  TiME  LoNGITUDB  DiAL.      By 

Samuel  Emerson  of  New  York,  N.  Y. 


A  SYSTEM  OP  Aloebraio  Geometrt.     By  Samuel  Emerson  of 
New  York,  N.  Y. 
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An  improved  method  op  producing  a  Dark-field  Illcmination 
OF  Lines  ruled  upon  Glass.  By  W,  A.  Rogers  of  Cam- 
bridge, Mass. 


A   NEW  METHOD   OF   INVESTIGATING  THE   FlEXURE   CORRECTIONS  OP 

A  Meridian  Circle.     By  W.  A.  Rogers  of  Cambridge,  Mass. 


The  Rotation  of  Domes.    By  G.  W.  Hough  of  Chicago,  111. 

[ABSTRACT.] 

Observatory  domes  are  in  general  very  heavy.  As  they  grow 
old,  owing  to  the  settling  of  walls  and  other  changes,  they  are 
apt  to  become  almost  unmanageable.  The  dome  at  Chicago  is 
ver}'  weighty,  everything  about  the  observatory  being  built  in  a 
very  substantial  manner.  When  Professor  Hough  first  tried  to  move 
the  dome,  he  found  its  two  sides  working  with  unequal  friction ; 
and  this  was  afterward  remedied  to  some  extent,  but  by  no  means 
fully.  About  two  months  ago  a  gas-engine  was  placed  in  position 
to  revolve  the  dome.  It  was  a  great  satisfaction  to  see  the  great 
dome  go  round  continuously,  without  hitches.  The  cost  of  moving 
the  dome  by  such  means  is  a  mere  trifle,  aside  from  the  first  cost 
of  the  engine.  Tlie  use  of  water  power  where  that  was  easily 
accessible  must,  however,  be  preferred  in  many  instances  where  a 
sufficient  head  is  supplied  by  street  mains. 

Dr.  C.  A.  Young  said,  in  discussing  the  foregoing,  that  when  he  came 
to  Princeton  he  found  a  very  heavy  dome  there.  One  man,  using  thirty 
pounds  pressure  on  a  two-foot  cranlv,  was  very  tired  after  giving  the 
dome  one  turn.  A  gas-engine  lias  since  been  put  in  below,  and  the  power 
is  communicated  by  a  belt.  A  revolution  can  be  made  in  four  minutes, 
and  the  shutter  raised  in  two.  In  general,  the  dome  is  placed  and  the 
shutter  opened  within  five  minutes.  Dr.  Young  expressed  a  hope  that 
the  Brush  storage  batteries  would  furnish  electrical  illumination  and 
power  for  the  work  of  observatories,  as  the  electricity  might  be  stored 
even  from  a  gas-engine  operating  a  dynamo  during  hours  of  the  day  when 
there  was  no  other  use  for  its  power.  At  present  the  direct  action  of  a 
gas-engine  on  a  dynamo,  with  no  Intervention  between  the  dynamo  and 
the  light,  was  too  Irregular  to  serve  the  purpose. 
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Descriftioh  of  the  New  Observatory  of  Columbia  College, 
New  York  City.     By  J.  K.  Rees  of  New  York,  N.  Y. 
[absthact.] 
DfiSCRipnoN  of  the  observatory  as  built  on  iron  girders  110  ft. 
from  the  ground.     Account  of  the  paper  dome  and  the  paper 
transit  slit-shutters  opening  by  springs. 


Observations  on  the  Transit  op  Venus  made  at  Columbia  Col- 
lege Observatory.    By  J.  K.  Rees  of  New  York,  N.  Y. 


The  light  variations  of  T.  Monocerotis.    By  E.  F.  Sawyer  of 
Cambridgeport,  Mass. 


The  Calculus  of  Direction  and  Position.*    By  E.  W.  Hyde  of 
Cincinnati,  Ohio. 

[ABSTRACT.] 

The  paper  consists  of  a  comparison  of  Hamilton's  Quaternions 
with  Grassmann's  "  Ausdehnungslehre,"  with  the  design  of  show- 
ing the  supenor  advantages  of  the  latter  as  a  practical  instrument 
for  geometrical  and  mechanical  purposes. 

Fii-st  is  given  a  brief  sketch  of  the  basis  of  Quaternions  with 
a  statement  of  its  peculiarity  in  giving  to  a  directed  quantity,  or 
vector,  in  addition  to  its  inherent  qualities  of  magnitude  and 
direction,  the  rotative  property  possessed  by  |/ — 1 

Then  a  sketch  is  given  of  Grassmann's  system  of  geometrical 
multiplication  of  points,  lines  and  planes  showing  its  complete- 
ness, clearness  and  adaptability  to  the  uses  to  which  it  is  to  be 
put,  as  well  as  the  advantages  which,  in  the  opinion  of  the  writer, 
it  i>ossess€S  over  Hamilton's  system. 

In  conclusion  the  solutions  of  several  problems  by  the  two 
methods  are  given  in  parallel  columns  to  illustrate  the  relative 
brevity  and  conciseness  of  Grassmann's  method,  and  the  con- 
dition of  static  equilibrium  is  derived  as  an  illustration  of  the 
suitableness  of  the  same  for  the  purposes  of  mechanics. 

>  PablUhed  in  ftiU  in  the  American  Journal  of  Matliematlcs.    No.  I.  toL  t1. 
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Tide  Meter,  for  use  on  Soundings  at  a  Distance  from  the 
Shore.    By  John  M.  Batchelder  of  Cambridge,  Mass. 

[abstract.] 

An  instrument  for  ascertaining  the  rise  and  fall  of  the  tide,  from 
a  vessel  at  anchor  remote  from  the  land,  was  constructed  by  order 
of  Prof.  A.  D.  Bache,  in  1858,  and  has  been  used  for  this  purpose 
by  the  U.  S.  Coast  Survey  at  various  places. 

It  consists  of  an  india-rubber  bag  filled  with  air,  its  capacity 
being  four  or  five  gallons :  an  india-rubber  tube  of  about  one 
quarter  inch  internal  diameter  and  a  manometer  or  pressure  gauge. 
The  bag  is  contained  in  a  weighted  basket  or  case,  which  rests  upon 
the  bottom,  and  the  india-rubber  tube  leads  from  this  through  the 
hawse  hole  or  other  opening  to  the  manometer,  which  is  portable 
and  may  be  placed  in  any  convenient  position  on  board  ship. 

The  instrument  is  graduated  in  feet  and  fathoms,  each  forty- 
four  one-hundredths  of  a  pound  pressure  per  inch  being  equal  to 
one  foot  in  depth. 

The  longest  continued  series  of  observations  by  the  pressure 
tide  gauge  were  made  in  1862  and  1863  upon  the  "Martin's  In- 
dustry" lightship  off  Hilton  Head,  eleven  miles  from  land,  in 
about  eight  fathoms  of  water. 

The  profiles,  made  from  the  records  of  the  Coast  Survey  are  of 
very  symmetrical  character,  in  this  respect  comparing  favorably 
with  records  of  the  staff-gauge  kept  at  the  same  time  at  Station 
Creek,  thirteen  miles  distant  from  the  lightship. 

With  this  instrument  on  board,  vessels  waiting  to  cross  a  bar  at 
the  mouth  of  a  harbor  may  know  the  exact  time  of  high  water. 


Construction  of  certain  Problems  relating  to  the  general 
Ellipsoid,  by  the  Method  of  descriptive  Geometry.  By 
C.  M.  Woodward  of  Washington  Universitj^,  St.  Louis,  Mo. 

[AB8TKACT.] 

A  lemma  was  explained,  which  gave  methods  for  readily  construct- 
ing lines  represented  by  ^,  ~,  ^,  etc.,whena;andaare  known  lines, 
and  it  was  then  shown  that  for  every  point  a?,  y, «,  on  the  surface  of 
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an  ellipsoid,  there  is  a  corresponding  point  ~,  |-,  ^,  on  the  surface 

of  a  unit  sphere,  either  of  which  being  assamed  the  other  can  be 
easily  found. 

From  the  equations  of  the  perpendicular  to  a  tangent  plane 
the  projections  of  the  perpendicular  are  readily  constructed. 
Hence  follows  the  solution  of  the  problem  :  To  pass  a  plane  tangent 
to  a  general  ellipsoid  at  a  given  point. 

By  means  of  the  expression  for  the  length  of  a  perpendicular 
to  the  polar  plane  of  any  point  the  plane  is  constructed,  both 
when  the  point  is  at  a  finite,  and  at  an  infinite  distance.  Thus 
are  solved  problems  relating  to  lines  of  shade  for  diverging  and 
parallel  rays  of  light. 

Finally,  by  the  use  of  similar  methods  is  solved  the  problem : 
To  pass  a  plane  through  a  given  line  and  tangent  to  an  ellipsoid. 


DESCRIPTIVE-aEOMETRICAL  TREATMENT  OF  SURFACES  OF  THE  SeCOND 

Degree.    By  J.  Burkitt  Webb  of  Ithaca,  N.  Y. 

[ABSTRACT.] 

For  the  purpose  of  greater  conciseness  the  speaker  confined  his 
remarks  to  the  general  ellipsoid,  remarking  that  the  usual  treat- 
ment of  problems  upon  this  surface  —  as,  for  instance,  such 
problems  as  finding  the  shade  and  shadow,  or  drawing  tangent 
planes  —  is  lacking  in  generality  ;  the  body  being  taken  in  such 
special  position,  or  referred  to  such  special  axes,  as  reduce  the 
general  problem  to  a  specially  simple  one. 

The  speaker  then  drew  the  projections  of  three  conjugate 
diameters  of  a  general  ellipsoid  upon  the  board,  stating  that  this 
was  the  best  method  of  defining  that  body.  He  then  proceeded  to 
define  the  projections  of  the  enveloping  cylinders,  and  the  shadow 
of  the  body,  which  he  showed  could  as  easily  be  done  for  the 
general  ellipsoid  in  a  perfectly  general  position,  as  for  special 
cases.  In  fact,  it  appeared  that  problems  on  this  bod}*^  gained 
nothing  in  simplicity  by  special  methods  and  devices  which  detract 
from  the  generality  of  the  treatment. 


Coxio  Sections  in  Descriptiye  Geometry.   By  J.  Burkitt  Webb 
of  Ithaca,  N.  Y. 
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MfTTOfr*  ^^  <^'*A  *.  *  z  **.«^  %',-i**  rvx-t  :f  =.~2i*'«er*'  !=jt  be 
/, ,  x**^f\  x^  f^  ,  ',x 'J.  '.',-,••  t" if- '  * -,  I   -  *.-^  ;-T *. 

l.>r  '/r-:  ^A-y  rf>:' v^;  ' rr.  .-  :  -::<»::  :::«  pr:--*:r:[e5  of  tLe  5*5 -J^e 

'J  ,^  ^yr..*..'vrVr^I  'r.^*  y^i  w\*  r  -' !  -L^i  la  m  '.:::>  bookwriuenby 
8a V,  ^\  y.:sj^,T%fjU  la  I'lCS.     I*.  rr.\T  f*  :r.  \?at<;*i  :Las: 

3 

Or  r»^<"''**'*y,  li.'«*  orKrra'/on.  like  the  other,  depen-is  npon  the 
\fTo\p*'r*' ^%  of  t'»'r  trlfiorr.;.'*!  fc/^'^arej'wt  mfriitioLf^L  the  only  differ- 
i'Ut'M  \n  toe  fM'MiM  l^in^  with  referen^,-e  to  I  be  point  of  atUick. 
Tii'i«i.  in  t^e  a*K^ve  ojM^ration,         SCI'  06'  25(6 

3 
\fCtiT\u'j:  in  rfiind  that  Ta  -j-  6;*  =  a*  -f"  2a5  +  6*,  after  subtracting 
ft'  U(fU\  ^/J  U'ti\ifii£  a  remainder  3,  take  2a  =  12,  for  a  permanent 
trial  fWs'iHftr.^  TUt-n  b  =  2.  Now,  instear]  of  finding  a  i>ennanent 
i\\s'\%ftr  by  not inj^  tlie  |K>«ftibilit\'  of  factoring  2a6  +  6^  as  6  (2a  +^) 
and  obtaining  tlie  vahie  of  2a  +  6,  remove  at  once  from  the  power 
the  vahie  of  V^  and  Hiibseqnently  tliat  of  2db.  The  operation  will 
thfrn  wtand  :  39*  00*  25(62 
8 

62  the  mental  operation  being  6'  =  2* 

:-4.  6  —  4  =  2.  2a6=2-6-2  =  24.3  -30  — 24  =  6.  Aline 
through  the  3  may  indicate  its  removal,  and  the  remainder  may  he 
written  In  the  line  al>ove  if  the  operator  so  desires. 

The  operation  then  proceeds  by  determining  with  our  old  divisor 
12  that  the  next  figure  of  the  root  is  5.     Then  we  have : 
89'  06'  25(625 
8 

62  as  the  completed  operation. 

*  ITnloKii  othorwino  Indicntod,  the  word  nnrober  thronghont  this  disonsslon  signifies 
liitrKt^r  or  liilrgml  nnmlicr. 

■  1m  iho  onllnHry  oporntion  for  the  cxtrnctlon  of  the  square  root  every  observer  matt 
hnvr  noticed  Ihst  the  |pn  hand  Hguros  of  the  several  trial  divisors  rarely  change. 

*  Lonnllly  rnthor  than  Inonl  viiluo  of  6  being  kept  in  mind  without  its  necessaxlly 
being  IbmitiUted  in  thought  as  00. 
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The  thought,  however,  is  something  more.  It  is  as  follows : 
5«=25.  25  —  25=0.  Since  2  •  5  •  62  is  obviously  (2  •  5  •  2) + 
(2  •  5  •  60)  (see  note  2)  the  operation  then  proceeds  2-2-5  =  20. 
20  -f.  2  =  22.  22  —  22  =  0.  2  •  5  •  6  =  60.  60  +  2  =  62. 
62  +  62  =  0.  No  originality  is  claimed  for  this  operation,  but  by 
its  elucidation,  I  hope  to  have  called  attention  to  its  great  practical 
utiUty. 

I  come  now  to  what  I  have  ventured  to  call  the  intuitive 
method.  In  more  than  a  score  of  3'ears  of  school  routine  in  math- 
ematics, I  have  found  it  time-saving  and  advantageous  in  other 
respects,  to  develop  a  plan  of  determining  at  sight,  the  square 
root  of  an}'  perfect  square  within  moderate  limits.  Expedition  in 
obtaining  results,  particularly  in  the  elementary  matter  of  quad- 
ratic equations  is  so  desirable,  that  an  independent  discussion  of 
squares  is  believed  to  be  to  a  thoughtful  teacher  a  great  desid- 
eratum. 

(a  +  6)2  =  a2  -f  2ab  +  b^. 
(a  —  6)9  =  a^  —  2ab  +  b^. 
.\  (a  +  6)9  —  (a  —  6)2  =  4a6, 
and  (a  +  6)2  =  4ab  +  (a  —  6)2. 
Make  a  =  25. 
And  6=  1,2,  3,  etc. 
Then  262  —  lOO  -f  242. 
272  _  200  -f  232. 
282  —  300  4-  222,  etc.,  etc. 

Evidently,  then,  the  tens  and  units  figures  of  all  perfect  squares 
of  numbers  from  26  to  49,  inclusive,  are  the  same  as  the  tens  and 
units  figures  of  perfect  squares  of  numbers  from  24  to  1  inclusive. 

Any  one  may  now  easily  form  the  following  table : 

576  =  242  ...  576  +  loO  =  262  —    ejg. 

529  =  232  ...  529  +  200  =  27^  =    729. 

484  =  222  ...  484  4.  30O  =  282  —    734. 

441  =  212 ...  441  ^  400  =  292  -.    341. 

400  =  202  ...  400  4-  500  =  302  =    900. 

861  =  192  .-.361 -f  600  =  312=    961. 

324  =  182  .-.  324  -f  700  =  322  -.  1024. 

289  =  172  .-.  289  4-  800  =  332  -.  io89. 

256  =  162  ...  256  +  900  =  342  =  1156. 
225  =  152  .-.  225  +  1000  =  352  —  1225. 
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196  = 

149. 

-.196  +  1100  =  369=  1296. 

169  = 

139.' 

.  169  +  1200  =  379=1369. 

144  = 

129. 

■.  144  +  1300  =  389  =  1444. 

121  = 

119. 

-.121  -i-  1400  =  399=  1521, 

100  = 

109, 

•.  100  4-  1500  =  409  _  icoo. 

81  = 

99. 

.   81  4-  1600  =  419=  1681. 

64  = 

89. 

•.    64  +  1700  =  429=  1764. 

49  = 

79. 

•.    49  +  1800  =  439  =  1849. 

36  = 

69. 

•.    86  +  1900  =  449  =  1936. 

25  = 

59. 

••    25  +  2000  =  459  =  2025. 

16  = 

49. 

•.    16  +  2100  =  469=2116. 

9  = 

3*. 

•.      9  +  2200  =  479  =  2209. 

4  = 

2«. 

■.      4  +  2300  =  489  _  2304. 

1    ^ 

19. 

•.     1+2400=499=2401. 

Hence,  to  determine  the  square  of  any  number  between  25  and 
50,  one  has  merely  to  find  the  corresponding  number  below  25 
and  augment  Us  square  by  the  number  of  hundreds  indicated  by 
its  remoteness  from  25.  Thus  43  being  18  more  than  25,  and  7 
being  18  less,  the  square  of  43  will  be  1800  +  7^  =  1849. 

Again,  since  a —  b  =  2a  —  (a  +  ^)»  we  may  more  conven- 
iently obtain  results  by  the  following  rule :  To  square  any  number 
from  25  to  50,  take  the  excess  above  25  as  hundreds^  and  augment 
by  the  square  of  what  the  number  lacks  of  50. 

Thus,  433  =  (43  —  25)-100  +  (50  —  43)2  —  1349^  as  above. 
473  =  (47  —  25)-100  +  32  =  2209,  etc.,  etc. 

Conversely:  required,  the  square  root  of  1764.  The  root  is 
plainly  in  the  fourth  decade,  that  is,  it  is  between  25  and  50.  The 
tens  and  units  figures  indicate  8.  Therefore,  the  square  root  of 
1764  =  50  —  8  =  42. 


Again,  i,/2116  =  50  —  4  =  46,  and  /v/1444  =  50  —  12  =  38, 
etc.,  etc.  ' 

Make  a  =  50. 
And  6=1,  2,3,  etc. 
Then  519  =  200 +  493. 
522  —  400  +  482. 
532  =  600  +  472, 
etc.,  etc. 

It  is  here  further  observable  that  the  tens  and  units  figures  of 
perfect  squares  of  numbers  from  51  to  99  inclusive  are  the  same  as 
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the  tens  and  units  figures  of  the  squares  of  numbers  f^om  49  to  1 
ioclnsive.  Now,  since  four  times  any  numbers  of  hundreds  plus 
25,  50  or  75,  gives  an  exact  number  of  hundreds,  it  follows  that 
the  tens  and  units  figures  of  the  squares  of  numbers  less  than 
25,  represent  all  the  possible  combinations  of  figures  in  those 
orders  of  units,  for  all  square  numbers. 

Now,  as  these  squares  give  only  22  different  combinations,  viz. : 
00,  01,  04,  09,  16,  21,  24,  25,  29, 36, 41,  44,  49,  56,  61,  64,  69,  76, 
81,  84,^89,  96,  it  is  evident  that  familiarity  with  these  termina- 
tions is  eminently  desirable. 

Remembering  again,  that  a  —  6  =  2a  —  (a  +  ^)9  we  may  for- 
mulate the  rule :  To  square  any  number  fVom  50  to  100,  take  twice 
the  excess  above  50  as  hundreds  and  augment  by  the  square  of  what 
the  number  lacks  of  100. 

Thus,  893  =  200  (89  —  50)  +  (100  —  89)«  =  7921.  And  93« 
=  8649,  etc.-* 

Conversely :  required  the  square  root  of  8249.  The  root  is 
plainly  between  50  and  60.  The  tens  and  units  figures  indicate  7. 
Hence  |/3249  =  50  +  7  =  57.  And  i/372T  =  50  -f  11  =  61, 
etc.,  etc. 

Note,  however,  that  the  square  ixx)t  of  7921  is  50  +  39  or  100  — 
11.  Now  it  is  obviously  better  to  make  use  of  the  latter  combi- 
nation. Hence,  in  accordance  with  principles  already  developed,  if 
the  root  is  in  the  fourth  quarter  of  the  hundred,  subtract  the  number 
indicated  by  the  tens  and  units  figures  from  100,  and  the  difference 
is  the  required  root.  Thus  |/82«1  =  100  —  9  =  91 ,  |/9216=  100 
—  4  =  96,  |/7569  =  100  —  13  =  87,  etc.,  etc. 

From  what  we  have  learned  already,  the  following  are  conven- 
ient and  useful  inferences : 

To  square  any  number  from  100  to  200,  take  four  times  the 
excess  above  100  as  hundreds^  and  augment  bytlie  square  of  what  the 
number  lacks  of  200.  Thus  186^  =  86-4-100  +  14»  =  34596, 
178«  =  78-4100  +  222  —  siQgA,  etc.,  etc. 

Since  four  times  125  is  one-half  of  one  thousand,  to  square 
any  number  from  125  to  250,  take  one-half  the  excess  above  125  as 

«  U  It  w«U  not  to  fbrget  thnt  In  the  case  of  many  nnmbors,  another  plan  Is  still  moi-e 
ezpeditioat.  I  refer  to  the  common  scheme  derelopecl  Arom  the  formula  (a  +  by(a  —  b) 
^afl  —  b*.  By  tranapositlon,  this  becomes  a*^ia-^  by  {a  —  6)  +  6<,  and  03<  as  (93  +  7} 
(93  —  7)  "^7*  ss  8649  as  before.  But  this  plan,  though  commonly  enough  used  and  in* 
dispensablA  in  its  place,  is  not  sufficiently  broad  for  our  present  discussion. 

▲.  ▲.  ▲.  8.,  VOL.  xxzn.  7 
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thousands^  and  axigment  by  the  square  of  what  the  number  lacks  of 
250.  Thus  2392  =  ^(239  —  125)-1000  +  ll^  =  57121,  246«  = 
^(246  —  125)-1000  +  4«  =  60516,  etc.,  etc. 

Also,  to  square  any  number  from  250  to  500,  take  tJie  excess 
above  250  as  thousands^  and  augment  by  tJie  square  of  what  the 
number  lacks  of  500.  Thus,  479^  =  (479  —  250)  1000  -f  21«  = 
229441,  4673  =  (467  —  250)  -1000  +  333  —  218089.  It  is  ob- 
vious  that  these  rules  are  the  most  useful  in  the  vicinity  of  the 
upper  limit  of  their  scope,  but  when  one  has  once  rendcreil  him- 
self familiar  with  the  squares  of  small  numbers  (say  to  100)  the 
ease  with  which  succeeding  steps  may  be  taken,  as  indicated  in  the 
last  examples,  renders  the  more  common  methods  almost  ridico- 
lous. 

It  is  obvious,  also,  that  the  principle  involved  in  these  processes 
is  universal,  and  that  rules  constructed  on  this  plan  may  be  mul- 
tiplied ad  infinitum.  Thus,  to  square  any  number  from  500  to 
1000,  take  twice  the  excess  above  500  as  thousands^  and  augment  by 
the  square  of  what  tJie  number  lacks  of  1000,  e.  g, :  987^  =  2  • 
(487)  •  1000  +  133  =  974169. 

It  need  not,  however,  be  forgotten  that  here  as  in  many  other 
cases,  there  is  a  choice  of  methods,  9873  being  also  (987  —  18) 
1000  +  133  =  974169.  This,  as  will  be  obser%'ed,  is  only  an  ap- 
plication  of  the  other  formula^  briefly  discussed  above,  viz. :  a^  = 
(a  +  b)  {a  —  &)  +  ^3.  The  utility  of  this  formula  is  too  often 
kept  out  of  the  sight  of  learners,  until  they  themselves,  mayhap, 
stumble  upon  it.     Observe,  e,  g, : 


193  = 

20- 

18 -f-    1. 

289  = 

80- 

26+    4. 

699  = 

60- 

58+    1. 

973  = 

100- 

94+    9. 

1079  = 

100- 

114  +  49. 

9839  = 

966- 

1000  + 179  = 

966289. 

10319  — 

1062  • 

1000  +  319  = 

1062961, 

etc. 

,  etc. 

,  etc 

Incidentally,  this  process  should  be  made  perfectly  familiar. 
Let  us  now  drop  this  branch  of  the  subject  and  return  to  the  dis- 
cussion of  the  converse  operation  of  evolution,  ascertaining,  if 
possible,  how  the  principles  and  methods  developed  with  numbers 
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whose  roots  are  less  than  100,  may  be  applied  to  numbers  indefi- 
nitely larger. 

Since  the  squares  of  numbers  from  1  to  25  end  in  a  series  of 
numbers  in  the  tens  and  units  places,  which  are  repeated  in  regular, 
but  invei-se  oixler  in  the  squares  of  numbers  from  25  to  50,  again, 
directly,  in  the  squares  of  numbers  from  50  to  75,  and  again,  in- 
versely, in  the  squares  of  numbers  from  75  to  100,  and  so  on,  it  is 
evident  that  what  we  have  already  proved  witliin  the  limit  of  100 
holds  good  as  we  advance.' 

Now,  as  we  have  already  seen  |/739G  =  100  —  14  =  86. 

Similarly.  y''187G9  is  plainly  between  130  and  140,  t.  €.,  it  is  in 
the  second  quarter  of  the  hundred.  Since  69  indicates  13,  the 
root  is  evidently  150  —  13  =  137.  \/24964  is  between  150  and 
160,  I.  e.,  in  the  third  quarter  of  the  hundred.  Since  64  indicates 
8,  ^24964  is,  therefore,  150  +  8  =  158. 

In  general,  to  read  the  square  root  of  a  square  number,  first,  ob- 
serve the  last  two  figures  of  the  power.  These  figures  always 
indicate  a  root  which  is  at  once  evident  to  any  one  who  will  famil- 
iarize himself  with  the  squares  of  the  numbers  from  1  to  25. 

Next,  determine  in  which  quarter  of  which  hundred  the  root 
lies.  If  the  root  is  in  the  first  or  third  quarter,  add  the  number 
indicated  by  the  tens  and  units  figures  to  the  hundreds  in  the 
former  case,  and  to  the  hundreds  plus  fifty  in  the  latter  case.  If 
the  root  is  in  the  second  or  fourth  quarter,  subtract  the  indicated 
number  from  the  hundreds  plus  50  in  the  former  case  and  from 
the  next  greater  number  of  hundreds  in  the  latter  case. 

Thus  V393129  is  in  the  second  quarter  of  the  sixth  hundred. 


Twenty-nine  indicates  23,  since  23^  =  529.  Therefore  \/393129 
=  650  —  23  =  627.  Again  580644  is  in  the  third  quarter  of  the 
seventh  hundred.  44  indicates  12.  Therefore  580644  =  750 
+  12  =  762. 

The  only  possible  diflQculty  remaining  is  to  determine  to 
which  quarter  of  the  known  hundred  the  root  of  the  specified 
power  belongs.  Since  24^  and  26^  both  give  76  as  tens  and  units 
figures,  it  is  at  first  perhaps  doubtful  whether  the  square  root  of 
104976  is  300  -[-  24,  or  350  —  24  =  326.    To  obviate  this  pos- 

*  See  remark  above  as  to  four  times  any  number  of  hundreds  plu$  25*  60  or  7S. 
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Bible  difficulty,  familiarity  with  the  following  table  may  first  be 
acquired. 

tV  =  .0625. 
4  -  T%  =  .125. 
^\=  .1875. 

^  =  .3125. 
I  3.  A  =  .375. 

,3^  =  .4375. 
i=^=z  .5. 

^^  =  .5625. 
I  =  +^  =  .625. 

\l  =  .6875. 
}  =  il  =  .75. 

If  =  .8125. 
J  =  11  =  .875. 

ii  =  .9375. 

The  student  is  here  requested  to  observe  that  he  may  readily  fall 
into  the  desirable  habit  of  inserting  or  omitting  decimal  points  at 
will,  if  thereby  he  can  expedite  his  mental  mathematical  opera- 
tions. He  must  also  keep  in  mind  the  elementary  method  of 
squaring  such  binomials  as  5  -f-  i^«  From  an  algebraic  standpoint, 
this  is  obviously  b^  +  o'i'2  +  i  =  e'b-{'^=  30^.     Also, 

=  72i, 
and  12.52  =  12  •  13  +  .  25  =  156.255 
or  1252  =  120  .  130  +  25  =  15625,  etc.,  etc. 

*I  am  reminded  by  this  discnssion  of  harinpr  once  published  an  application  of  tliese 
principles  combined,  which  gives  at  once  i^^  =s  152587890625. 

For  5«  =  25. 
And5«=25«=re25. 
«    68  =  025' =  31KW25. 
For  625  by  a  point  placed  after  the  6  becomes  61.     Now  (61)*  s«  6  •  6  +  3  -f-  (i)«  =  39 
and  l-16th. 
Writing  the  sixteenth  decimally  and  removing  the  decimal  point,  we  have  390625. 
But  5"  =8900253=  ?. 

Restore  the  decimal  point  and  (39 1-1G)«  =  392  -|-  43  +  (1-1C)«.  39«  (see  above)  =38  • 
40+1=1521. 1521  +4|  =  1525J.  The  square  ofl-16  (.0025)  If  written  decimolly,musthave 
the  same  significant  figures  as  625*  just  obtained,  preceded  by  two  zeros  to  give  the  cor- 
rect decimal  place  and  relation.  Recollecting  then  that  there  must  be  eight  decimal 
places  following  the  1525  and  that  the  decimal  for  2  (.875)  occupies  three  places,  while  the 
square  of  025  must  occupy  the  last  six  places,  we  may  combine  our  thoughts  and  write 
without  the  decimal  point  890G25*  =  1525878906-25,  which  is  the  sixteenth  power  of  5 
obtained  mentally  and  by  a  process  not  extraordinarily  dii&ciilt. 
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(U)'  = 

1  9-16. 

(If )« = 

3  1-16. 

(2^)2  = 

5  1-16. 

(2f  )S  = 

7  9-16. 
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We  may  now  construct  mentally  a  table  somewhat  like  the  fol- 
lowing : 

1252=    15625 

1759=    30625 

2259=    50625 

2759=    75625 

8259  =  105625         or        (3|)9  =  10  9-16. 

3759  =  140625  (3J)9  =  14  1-16. 

4259  =  180625  (4J)9  =  18  1-16. 

4759  =  225625  (4J)9  =  22  9-16. 

5259  =  275625  (5^)9  =  27  9-16. 

5759  =  330625  (5|)9  =  33  1-16. 

One  may  readily  extend  this  table  indefinitely  by  remembering 
that  (n  +  i)9  =  n  9  +  J  n  +  T«B  ;  (n  +  i)9  =  n  (n  +  1)  +  J ; 
and  (n  +  J  )9  =  n  (n  +  1)  +  J  n  +  T^^. 

It  is  unnecessary  to  discuss  the  suggested  law  of  increase  of 
squares  of  numbers  varying  by  ^  or  by  J  of  100  as  here  indicated, 
but  the  mncmotechnist  will  be  sure  to  note  that  in  these  tables 
tlie  square  has  the  ^  or  0625  as  terminal  figures  for  the  J  point  of 
the  odd  hundreds,  and  the  ^  [M)int  of  the  even  hundreds,  while  the 
square  has  the  -^  or  S625  as  terminal  figures  for  jblie  ^  point  of 
the  odd  hundreds,  and  the  f  point  of  the  even  hundreds.  The  rea- 
son is  apparent. 

Another  advantage  of  this  discussion  will  occur  to  arithme- 
ticians when  in  doubt  as  to  wliether  a  certain  number  is  a  perfect 
square.  For  example,  the  number  316471  cannot  be  a  square  for 
71  is  not  in  our  list  of  the  22  and  only  terminations  of  squares. 
»  The  number  172276  may  or  may  not  be  a  perfect  square.  A  glance 
shows  that  if  a  square,  the  root  is  424.  But  424  =  400  *  448  + 
249  which  is  plainly  greater  than  the  number  given.  Hence, 
172276  is  not  a  square  number.  If  the  doubt  in  any  case  is  not  so 
readily  dissipated,  the  contracted  method  may  profitably  be 
brought  into  requisition. 
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VICE  PRESIDENT,  SECTION  B. 


A  PLEA  FOB  PUBS  SCIENCE.^ 


The  question  is  sometimes  asked  us  as  to  the  time  of  year  we 
like  the  best.  To  my  mind,  the  spring  is  the  most  delightful ;  for 
Nature  then  recovers  from  the  apathy  of  winter,  and  stirs  herself 
to  renewed  life.  The  leaves  grow,  and  the  buds  open,  with  a  sug« 
gestion  of  vigor  delightful  to  behold ;  and  we  revel  in  this  ever- 
renewed  life.  But  this  cannot  always  last.  The  leaves  reach 
their  limit ;  the  buds  open  to  the  full  and  pass  away.  Then  we 
begin  to  ask  ourselves  whether  all  this  display  has  been  in  vain, 
or  whether  it  has  led  to  a  bountiful  harvest. 

So  tliis  magnificent  countiy  of  ours  has  rivalled  the  vigor  of 
spring  in  its  growth.  Forests  have  been  levelled,  and  cities  built 
and  a  large  and  powerful  nation  has  been  created  on  the  face  of 
the  earth.  We  are  proud  of  our  advancement.  We  are  proud  of 
such  cities  as  this,  founded  in  a  day  upon  a  spot  over  which  but  a 
few  years  since,  the  red  man  hunted  the  buffalo.  But  we  must 
remember  that  this  is  only  the  spring  of  our  countiy.  Our  glance 
must  not  be  backward  ;  for,  however  beautiful  leaves  and  blossoms 
are,  and  however  marvellous  their  rapid  increase,  they  are  but 
leaves  and  blossoms  after  all.  Rather  should  we  look  forward  to 
discover  what  will  be  the  outcome  of  all  this  and  what  the  chance 
of  harvest.  For  if  we  do  this  in  time,  we  may  discover  the  worm 
which  threatens  the  ripe  fiuit,  or  the  barren  spot  where  the  harvest 
is  withering  for  want  of  water. 

^  In  iiting  the  word  "eclence,*  I  refer  to  physical  science,  as  I  know  nothing  of  nat- 
vnl  soi«]ioe.    Probably  mj  remarks  will,  however,  apply  to  both,  but  I  do  not  know. 

(105) 
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I  am  required  to  address  the  so-called  physical  section  of  this 
association.    Fain  would  I  speak  pleasant  words  to  you  on  this 
subject ;  fain  would  I  recount  to  you  the  progress  made  in  this 
subject  by  my  countrymen,  and  their  noble  efforts  to  understand 
the  order  of  the  universe.     But  I  go  out  to  gather  the  grain  ripe 
to  the  harvest,  and  I  find  only  tares.     Here  and  there  a  noble  head 
of  grain  rises  above  the  weeds ;  but  so  few  are  they,  that  I  find 
the  majority  of  my  countrymen  know  them  not,  but  think  that 
they  have  a  waving  harvest,  while  it  is  only  one  of  weeds  after  all. 
American  science  is  a  thing  of  the  future,  and  not  of  the  present 
or  past ;  and  the  proper  course  of  one  in  my  position  is  to  consider 
what  must  be  done  to  create  a  science  of  physics  in  this  country, 
rather  than  to  call  telegraphs,  electric  lights,  and  such  conveniences, 
by.  the  name  of  science.     I  do  not  wish  to  underrate  the  value  of 
all  these  things ;  the  progress  of  the  world  depends  on  them,  and 
he  is  to  be  honored  who  cultivates  them  successAilly.     So  also  the 
cook  who  invents  a  new  and  palatable  dish  for  the  table  benefits 
the  world  to  a  certain  degree ;  yet  we  do  not  dignify  him  by  the 
name  of  a  chemist.     And  yet  it  is  not  an  uncommon  thing,  espe- 
cially in  American  newspapers,  to  have  the  applications  of  science 
confounded  with  pure  science ;  and  some  obscure  American  who 
steals  the  ideas  of  some  great  mind  of  the  past,  and  enriches  him- 
self by  the  application  of  the  same  to  domestic  uses,  is* often  lauded 
above  the  great  originator  of  the  idea,  who  might  have  worked 
out  hundreds  of  such  applications,  had   his  mind  possessed  the 
necessary  element  of  vulgarity.     I  have  often  been  asked,  which 
was  the  more  important  to  the  world,  pure  or  applied  science.     To 
have  the  applications  of  a  science,  the  science  itself  must  exist. 
Should  we  stop  its  progress,  and  attend  only  to  its  applications, 
we  should  soon  degenerate  into  a  people  like  the  Chinese,  who  have 
made  no  progress  for  generations,  because  they  have  been  satisfied 
with  the  applications  of  science,  and  have  never  sought  for  reasons 
in  what  they  have  done.    The  reasons  constitute  pflre  science. 
They  have  known  the  application  of  gunpowder  for  centuries ;  and 
yet  the  reasons  for  its  peculiar  action,  if  sought  in  the  proper  man- 
ner, would  have  developed  the  science  of  chemistry,  and  even  of 
physics,  with   all   their  numerous  applications.     By  contenting 
themselves  with  the  fact  that  gunpowder  will  explode,  and  seeking 
no  farther,  they  have  fallen  behind  in  the  progress  of  the  world ; 
and  we  now  regard  this  oldest  and  most  numerous  of  nations  as 
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only  barbai-ians,  and  yet  our  own  conn  try  is  in  this  same  state. 
Bat  we  have  done  better,  for  we  have  taken  the  science  of  the  old 
world,  and  applied  it  to  all  oar  uses,  accepting  it  like  the  rain  of 
heaven,  without  asking  whence  it  came,  or  even  acknowledging 
the  debt  of  gratitude  we  owe  to  the  great  and  unselfish  workers 
who  have  given  it  to  us ;  and,  like  the  rain  of  heaven,  this  pure 
science  has  fallen  upon  ourcountr}',  and  made  it  great  and  rich  and 
strong. 

To  a  civilized  nation  of  the  present  day,  the  applications  of 
science  are  a  necessity,  and  onr  country  has  hitherto  succeeded 
in  this  line,  only  for  the  reason  that  there  are  certain  countines  in 
the  world  where  pure  science  has  been  and  is  cultivated,  and 
where  the  study  of  nature  is  considered  a  noble  pursuit ;  but  such 
countries  are  rare,  and  those  who  wish  to  pursue  pure  science  in 
our  own  countiy  must  be  prepared  to  face  public  opinion  in  a 
manner  which  requires  much  moral  courage.  They  must  be  pre- 
pared to  be  .looked  down  upon  by  every  successful  inventor  whose 
shallow  mind  imagines  that  the  only  pursuit  of  mankind  is  wealth, 
and  that  he  who  obtains  most  has  best  succeeded  in  this  world. 
Everybody  can  comprehend  a  million  of  money ;  but  how  few  can 
comprehend  any  advance  in  scientific  theory,  especially  in  its  more 
abstruse  portions  I  And  this,  I  believe,  is  one  of  the  causes  of 
the  small  number  of  persons  who  have  ever  devoted  themselves  to 
work  of  the  higher  order  in  any  human  pursuit.  Man  is  a  grega- 
rious animal,  and  depends  very  much,  for  his  happiness,  on  the 
sympathy  of  those  around  him  ;  and  it  is  rare  to  find  one  with  the 
courage  to  pursue  his  own  ideas  in  spite  of  his  surroundings.  In 
times  past,  men  were  more  isolated  than  at  present,  and  each  came 
in  contact  with  a  fewer  number  of  people.  Hence  that  time  con- 
stitutes the  period  when  the  great  sculptures,  paintings  and  poems 
were  produced.  Each  man's  mind  was  comparatively  free  to 
follow  its  own  ideals,  and  the  results  were  the  great  and  unique 
works  of  the  ancient  masters.  To-day  the  railroad  and  the  tele- 
graph, the  books  and  newspapers,  have  united  each  individual  man 
with  the  rest  of  the  world  :  instead  of  his  mind  being  an  individ- 
ual, a  tiling  apart  by  itself,  and  unique,  it  has  become  so  influenced 
by  the  outer  world,  and  so  dependent  upon  it,  that  it  has  lost  its 
originality  to  a  great  extent.  The  man  who  in  times  past  would 
naturally  have  been  in  the  lowest  depths  of  poverty,  mentally  and 
physically,  to-day  measures  tape  behind  a  counter,  and  with 
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loi*dly  air  advises  the  naturally  bom  genius  how  he  may  best  bring 
his  outward  appearance  down  to  a  level  with  his  own.  A  new 
idea  he  never  had,  but  he  can  at  least  cover  liis  mental  nakedness 
with  ideas  imbibed  from  others.  So  the  genius  of  the  past  soon 
perceives  that  his  higher  ideas  are  too  high  to  be  appreciated  by 
the  world  ;  his  mind  is  clipped  down  to  the  standard  form  ;  every 
natural  offshoot  upwards  is  repressed,  until  the  man  is  no  higher 
than  his  fellows.  Hence  the  world,  through  the  abundance  of  its 
intercourse,  is  reduced  to  a  level.  What  was  formerly  a  grand 
and  magnificent  landscape,  with  mountains  ascending  above  the 
clouds,  and  depths  whose  gloom  we  cannot  now  appreciate,  has 
become  serene  and  peaceful.  The  depths  have  been  filled,  and  the 
heights  levelled,  and  the  wavy  harvests  and  smoky  factories  cover 
the  landscape. 

As  far  as  the  average  man  is  concerned,  the  change  is  for  the 
better.  The  average  life  of  man  is  far  pleasantcr,  and  his  mental 
condition  better,  than  before.  But  we  miss  the  vigor  imparled  by 
the  mountains.  We  are  tired  of  mediocrity,  the  curse  of  our 
country ;  we  arc  tired  of  seeing  our  artists  reduced  to  hirelings, 
and  imploring  congi-ess  to  protect  them  against  foreign  competi- 
tion ;  we  are  tired  of  seeing  our  countrymen  take  their  science 
from  abroad,  and  boast  that  they  here  convert  it  into  wealth ;  we 
are  tired  of  seeing  our  professors  degrading  their  chairs  by  the 
pursuit  of  applied  science  instead  of  pure  science,  or  sitting  in- 
active while  the  whole  world  is  open  to  investigation ;  lingering 
by  the  wayside  while  the  problem  of  the  universe  remains  un- 
solved. We  wish  for  something  higher  and  nobler  in  this  country 
of  mediocrity,  for  a  mountain  to  relieve  the  landscape  of  its  mo- 
notony. We  are  surrounded  with  mysteries,  and  have  been 
created  with  minds  to  enjoy  and  reason  to  aid  in  the  unfolding 
of  such  n^'steries.  Nature  calls  to  us  to  study  her,  and  our  better 
feelings  urge  us  in  the  same  direction. 

For  generations  there  have  been  some  few  students  of  science 
who  have  esteemed  the  study  of  nature  the  most  noble  of  pursuits.. 
Some  have  been  wealthy,  and  some  poor ;  but  they  have  all  had 
one  thing  in  common, —  the  love  of  nature  and  its  laws.  To  these 
few  men  the  world  owes  all  the  progress  due  to  applied  science,  and 
yet  very  few  ever  received  any  payment  in  this  world  for  their 
labors. 

Faraday,  the  great  discoverer  of  the  principle  on  which  all 
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machines  for  electric  lighting,  electric  railways,  and  the  transmis- 
sion of  power,  mast  rest,  died  a  poor  man,  although  others  and 
the  whole  world  have  been  enriched  by  his  discoveries ;  and  such 
mast  be  the  fate  of  the  followers  in  his  footsteps  for  some  time 
toceme. 

But  there  will  be  those  in  the  future  who  will  study  nature  from 
pare  love,  and  for  them  higher  prizes  than  any  yet  obtained  are 
waiting.  We  have  but  yet  commenced  our  pursuit  of  science,  and 
stand  upon  the  threshold  wondering  what  there  is  within.  We 
explain  the  motion  of  the  planets  by  the  law  of  gravitation ;  but 
who  will  explain  how  two  bodies,  millions  of  miles  apart,  tend  to 
go  toward  each  other  with  a  certain  force?  We  now  weigh  and 
measure  electricity  and  electric  currents  with  as  much  ease  as 
ordinary  matter,  yet  have  we  made  any  approach  to  an  explan- 
ation of  the  phenomenon  of  electricity?  Light  is  an  undulatory 
motion,  and  yet  do  we  know  what  it  is  that  undulates?  Heat  is 
motion,  yet  do  we  know  what  it  is  that  moves?  Ordinary  matter 
is  a  common  substance,  and  yet  who  shall  fathom  the  mystery  of 
its  internal  constitution  ? 

There  is  room  for  all  in  the  work,  and  the  race  has  but  com- 
menced. The  problems  are  not  to  be  solved  in  a  moment,  but 
need  the  best  work  of  the  best  minds,  for  an  indefinite  time. 

Shall  our  country  be  contented  to  stand  by,  while  other  countries 
lead  in  the  race?  Shall  we  always  grovel  in  the  dust,  and  pick  up 
the  crainbs  which  fall  from  the  rich  man's  table,  considering  our- 
selves richer  than  he  because  we  have  more  crumbs,  while  we 
forget  that  he  has  the  cake,  which  is  the  source  of  all  crumbs? 
Shall  w^be  swine,  to  whom  the  corn  and  husks  are  of  more  value 
than  the  pearls?  If  I  read  aright  the  signs  of  the  times,  I  think 
we  shall  not  always  be  contented  with  our  inferior  position.  From 
looking  down  we  have  almost  become  blind,  but  may  recover.  In 
a  new  country,  the  necessities  of  life  must  be  attended  to  first. 
The  curse  of  Adam  is  upon  ns  all,  and  we  must  earn  our  bread. 

But  it  is  the  mission  of  applied  science  to  render  this  easier  for 
the  whole  world.  There  is  a  story  which  I  once  read,  which  will 
illustrate  the  true  position  of  applied  science  in  the  world.  A 
boy,  more  fond  of  reading  than  of  work,  was  employed,  in  the 
early  days  of  the  steam-engine,  to  turn  the  valve  at  every  stroke. 
Necessity  was  the  mother  of  invention  in  his  case :  his  reading 
was  disturbed  by  his  work,  and  he  soon  discovered  that  he  might 
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become  free  from  bis  work  by  so  tying  the  valve  to  some  movable 
portion  of  the  engine,  as  to  make  it  move  its  own  valve.  So  I 
consider  that  the  true  pursuit  of  mankind  is  intellectual.  The 
scientific  study  of  nature  in  all  its  branches,  of  mathematics,  of 
mankind  in  its  past  and  present,  the  pursuit  of  art,  and  the  eulli- 
vation  of  all  that  is  great  and  noble  in  the  world, —  these  are  the 
highest  occupation  of  mankind.  Commerce,  tlie  applications  of 
science,  the  accumulation  of  wealth,  are  necessities  which  are  a 
curse  to  those  with  high  ideals,  but  a  blessing  to  that  portion  of 
the  world  which  has  neither  the  ability  nor  the  taste  for  higher 
pursuits. 

As  the  applications  of  science  multiply,  living  becomes  easier, 
the  wealth  necessary  for  the  purchase  of  appai*atns  can  be  obtained, 
and  the  pursuit  of  other  things  beside  the  necessities  of  life  be- 
comes possible. 

But  the  moral  qualities  must  also  be  cultivated  in  proportion  to 
the  wealth  of  the  countiy,  before  much  can  be  done  in  pure  science. 
The  successful  sculptor  or  painter  naturally  attains  to  wealth 
through  the  legitimate  work  of  his  profession.  The  novelist,  the 
poet,  the  musician,  all  have  wealth  before  them  as  the  end  of  a 
successful  career.  But  the  scientist  and  the  mathematician  have 
no  such  incentive  to  work :  they  must  earn  their  living  by  other 
pursuits,  usually  teaching,  and  only  devote  their  surplus  time  to 
the  true  pursuit  of  their  science.  And  frequently,  by  the  small 
salary  which  they  receive,  by  the  lack  of  instrumental  and  literary 
facilities,  by  the  mental  atmosphere  in  which  they  exist,  and,  most 
of  all,  by  their  low  ideals  of  life,  they  are  led  to  devote  their  sur- 
plus time  to  applied  science  or  to  other  means  of  increasing  their 
fortune.  How  shall  we,  then,  honor  the  few,  the  very  few,  who,  ia 
spite  of  all  difficulties,  have  kept  their  eyes  fixed  on  the  goal,  and 
have  steadily  worked  for  pure  science,  giving  to  the  world  a  most 
precious  donation,  which  has  borne  fruit  in  our  greater  knowledge 
of  the  universe  and  in  the  applications  to  our  physical  life  which 
have  eiwiched  thousands  and  benefited  each  one  of  us?  There  are 
also  those  who  have  every  facility  for  the  pursuit  of  science,  who 
have  an  ample  salary  and  every  appliance  for  work,  yet  who  de- 
vote themselves  to  commercial  work,  to  testifying  in  courts  of  law, 
and  to  any  other  work  to  increase  their  present  large  income. 
Such  men  would  be  respectable  if  they  gave  up  the  name  of  pro- 
fessor, and  took  that  of  consulting  chemist  or  physicist.    And 
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such  men  are  needed  in  the  community.  But  for  a  man  to  occupy 
the  professoi^'s  chair  in  a  prominent  college,  and,  by  his  energy 
and  ability  in  the  commercial  applications  of  his  science,  stand 
before  the  local  community  as  a  newspaper  exponent  of  his  science, 
is  a  disgrace  both  to  him  and  his  college.  It  is  the  death-blow  to 
science  in  that  region.  Call  him  by  his  proper  name,  and  he  be- 
comes at  once  a  useful  member  of  the  community.  Put  in  his 
place  a  man  who  shall  by  precept  and  example  cultivate  his  science, 
and  how  different  is  the  result  I  Young  men,  looking  forward  into 
the  world  for  something  to  do,  see  before  them  this  high  and  noble 
life,  and  they  see  that  there  is  something  more  honorable  than  the 
accumulation  of  wealth.  They  are  thus  led  to  devote  their  lives 
to  similar  pursuits,  and  they  honor  the  professor  who  has  drawn 
them  to  something  higher  than  they  might  otherwise  have  aspired 
to  reach. 

I  do  not  wish  to  be  misunderstood  in  this  matter.  It  is  no  dis- 
grace to  make  money  by  an  invention,  or  otherwise,  or  to  do 
commercial  scientific  work  under  some  circumstances;  but  let 
pure  science  be  the  aim  of  those  in  the  chairs  of  professors,  and 
so  prominently  the  aim  that  there  can  be  no  mistake.  If  our  aim 
in  life  is  wealth,  let  us  honestly  engage  in  commercial  pursuits, 
and  compete  with  others  for  its  i>ossession ;  but  if  we  choose  a 
life  which  we  consider  higher,  let  us  live  up  to  it,  taking  wealth  or 
poverty  as  it  may  chance  to  come  to  us,  but  letting  neither  turn 
us  aside  from  our  pursuit. 

The  work  of  teaching  may  absorb  the  energies  of  many  ;  and, 
indeed,  this  is  the  excuse  given  by  most  for  not  doing  any  scien- 
tific work.  But  there  is  an  old  saying,  that  where  there  is  a  will 
there  is  a  way.  Few  professors  do  as  much  teaching  or  lecturing 
as  the  German  professors,  who  are  also  noted  for  their  elaborate 
papers  in  the  scientific  journals.  I  myself  have  been  burdened 
down  with  work,  and  know  what  it  is ;  and  yet  I  here  assert  that 
all  can  find  time  for  scientific  research  if  they  desire  it.  But  here, 
again,  that  curse  of  our  country,  mediocrity,  is  upon  us.  Our 
colleges  and  universities  seldom  call  for  first-class  men  of  repu- 
tation, and  I  have  even  heard  the  trustee  of  a  well-known  college 
assert  that  no  professor  should  engage  in  research  because  of  the 
time  waste<l.  I  was  glad  to  see,  soon  after,  by  the  call  of  a  promi- 
nent scientist  to  that  college,  that  the  majority  of  the  trustees  did 
not  agree  with  him. 
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That  teaching  is  important,  goes  without  saying.  A  snccessfnl 
teacher  is  to  be  respected  ;  but  if  he  does  not  lead  his  scholars  to 
that  which  is  highest,  is  he  not  blameworthy?  We  are,  then,  to 
look  to  the  colleges  and  universities  of  the  land  for  most  of  the  work 
in  pure  science  which  is  done.  Let  us  therefore  examine  these 
latter,  and  see  what  the  prospect  is. 

One,  whom  perhaps  we  may  here  style  a  practical  follower  of 
Buskin,  has  stated  that  while  in  this  country  he  was  variously 
designated  by  the  title  of  captain,  colonel,  and  professor.  The 
story  may  or  may  not  be  true,  but  we  all  know  enough  of  the  customs 
of  our  countrymen  not  to  dispute  it  on  general  principles.  All  men 
ai*e  born  equal :  some  men  are  captains,  colonels,  and  professors, 
and  therefore  all  men  are  such.  The  logic  is  conclusive ;  and  the 
same  kind  of  logic  seems  to  have  been  applied  to  our  schools, 
colleges,  and  universities.  I  have  before  me  the  report  of  the 
commissioner  of  education  for  1880.  According  to  that  report, 
there  were  389, ^  or  say,  in  round  numbers,  400  institutions,  call- 
ing themselves  colleges  or  universities,  in  our  counti^  I  We  may 
well  exclaim  that  ours  is  a  great  country,  having  more  than  the 
whole  world  beside.  The  fact  is  sufficient.  The  whole  earth 
could  hardly  support  such  a  number  of  first-class  institutions. 
The  curse  of  mediocrity  must  be  upon  them,  to  swarm  ii^  such 
numbers.  They  must  be  a  cloud  of  mosquitoes,  instead  of  eagles 
as  they  profess;  and  this  becomes  evident  on  further  analysis. 
About  one- third  aspire  to  the  name  of  university  ;  and  I  note  one 
called  by  that  name  which  has  two  professors  and  eighteen  students, 
and  another  having  three  teachers  and  twelve  students !  These  in- 
stances are  not  unique,  for  the  number  of  small  iustitutious  and 
schools  which  call  themselves  universities  is  very  great.  It  is 
difficult  to  decide  from  the  statistics  alone  the  exact  standing  of 
these  institutions.  The  extremes  are  easy  to  manage.  Who  can 
doubt  that  an  institution  with  over  eight  hundred  students,  and  a 
faculty  of  seventy,  is  of  a  higher  grade  than  those  above  cited 
having  ten  or  twenty  students  and  two  or  three  in  the  faculty  ? 
Yet  this  is  not  always  true  ;  for  I  note  one  institution  with  over 
five  hundred  students  which  is  known  to  me  personally  as  of  the 
grade  of  a  high  school.  The  statistics  are  more  or  less  defective, 
and  it  would  much  weaken  the  force  of  my  remarks  if  I  went  too 
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mach  into  detail.    I  append  tlie  following  tables,  however,  of  330 
so-called  colleges  and  universities : — 

218  had  from    0  to  100  students. 
88    "      "    100  "  200        " 
12    *'      "    200  "  300        " 

6    "      "    800  "  600        " 

6  over        500 

Of  322  so-called  colleges  and  universities : — 

206  had    0  to  10  in  the  faculty. 
99    "    10  "  20       "        ** 
17   »    20  or  over  "        " 

If  the  statistics  were  forthcoming, —  and  possibly  they  may 
exist, —  we  might  also  get  an  idea  of  the  standing  of  these  insti- 
tations  and  their  approach  to  the  true  university  idea,  by  the 
average  age  of  the  scholars.  Possibly  also  the  ratio  of  number 
of  scholar  to  teachers  might  be  of  some  help.  All  these  methods 
give  an  approximation  to  the  present  standing  of  the  institutions. 
But  there  is  another  method  of  attacking  the  problem,  which  is 
very  exact,  yet  it  only  gives  us  the  possibilities  in  the  case  of  the 
institution.  I  refer  to  the  wealth  of  the  institution.  In  esti- 
mating the  wealth,  I  have  not  included  the  value  of  grounds 
and  building,  for  this  is  of  little  importance,  either  to  the  present 
or  future  standing  of  the  institution,  as  good  work  can  be  done 
in  a  hovel  as  in  a  palace.  I  have  taken  the  productive  funds  of 
the  institution  as  the  basis  of  estimate.     I  find : — 

234  have  below      $500,000. 

8     "     between  $500,000  and  $1,000,000. 
8     "     over     $1,000,000. 

There  is  no  fact  more  firmly  established,  all  over  the  world,  than 
that  the  higher  education  can  never  be  made  to  pay  for  itself. 
Usually  the  cost  to  a  college,  of  educating  a  young  man,  very 
much  exceeds  what  he  pa3's  for  it,  and  is  often  three  or  four  times 
as  much.  The  higher  the  education,  the  greater  this  proportion 
will.be;  and  a  university  of  the  highest  class  should  anticipate 
only  a  small  accession  to  its  income  from  the  fees  of  students. 
Hence  the  test  I  have  applied  must  give  a  true  representation  of 
the  possibilities  in  every  case.    According  to  the  figures,  only  six- 
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teen  colleges  and  nniversities  have  $500,000  or  over  of  inrestctl 
funds,  and  only  one-half  of  these  have  $1,000,000  and  over.  Now, 
even  the  latter  sum  is  a  very  small  endowment  for  a  college ;  and  to 
call  any  institution  a  university  which  has  less  than  $1,000,000  is 
to  render  it  absurd  in  the  face  of  the  world.  And  yet  more  than  100 
of  our  institutions,  many  of  them  very  respectable  colleges,  have 
abused  the  word  "  university  "  in  this  manner.  It  is  to  be  hoped 
that  the  endowment  of  the  more  respectable  of  these  institutions 
may  be  increased,  as  many  of  them  deserve  it ;  and  their  unfortu- 
nate appellation  has  probably  been  repented  of  long  since. 

But  what  shall  we  think  of  a  community  that  gives  the  charter 
of  a  university  to  an  institution  with  a  total  of  $20,000  endow- 
ment, two  so-called  professors,  and  eighteen  students !  or  another 
with  three  professors,  twelve  students,  and  a  total  of  $27,000  en- 
dowment, mostly  invested  in  buildings  !  And  jet  there  are  veiy 
many  similar  institutions ;  there  being  sixteen  with  three  professors 
or  less,  and  very  many  indeed  with  only  four  or  five. 

Such  facts  as  these  could  only  exist  in  a  democratic  country, 
where  pride  is  taken  in  reducing  everything  to  a  level.  And  I 
may  also  say,  that  it  can  only  exist  in  the  early  days  of  such  a 
democracy ;  for  an  intelligent  public  will  soon  percei\*e  that  call- 
ing a  thing  by  a  wrong  name  does  not  change  its  character,  and 
that  truth,  above  all  things,  should  be  taught  to  the  youth  of  the 
nation. 

It  may  be  urged,  that  all  these  institutions  are  doing  good  work 
in  education ;  and  that  many  young  men  are  thus  taught,  who 
could  not  afford  to  go  to  a  true  college  or  university.  But  I  do 
not  object  to  the  education, —  though  I  have  no  doubt  an  investiga- 
tion would  disclose  equal  absurdities  here, —  for  it  is  aside  from 
my  object.  But  I  do  object  to  lowering  the  ideals  of  the  youth  of 
the  country.  Let  them  know  that  they  are  attending  a  school, 
and  not  a  university ;  and  let  them  know  that  above  them  comes 
the  college,  and  above  that  the  university.  Let  them  be  taught 
that  they  are  only  half  educated,  and  that  there  are  persons  in  the 
world  by  whose  side  they  are  but  atoms.  In  other  words,  let  them 
be  taught  the  truth. 

It  may  be  that  some  small  institutions  are  of  high  grade,  es- 
pecially those  which  are  new  ;  but  who  can  doubt  that  more  than 
two- thirds  of  our  institutions  calling  themselves  colleges  and  uni- 
versities are  unworthy  of  the  name  ?    Each  one  of  these  institutions 
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has  so-called  professors,  but  it  is  evident  that  tbey  can  be  only  of 
the  grade  of  teachers.  Why  should  they  not  be  so  called?  The 
position  of  teacher  is  an  honored  one,  but  is  not  made  more  hon- 
orable by  the  assumption  of  a  false  title.  Furthermore,  the 
multiplication  of  the  title,  and  the  ease  with  which  it  can  be 
obtained,  render  it  scarcely  worth  striving  for.  When  the  man  of 
energy,  ability,  and  perhaps  genius  is  rewarded  by  the  same  title 
and  emoluments  as  the  commonplace  man  with  the  modicum  of 
knowledge,  who  takes  to  teaching,  not  because  of  any  aptitude 
for  his  work,  but  possibly  because  he  has  not  the  energy  to  com- 
pete with  his  fellow-men  in  business,  then  I  say  one  of  the  induce- 
ments for  first-class  men  to  become  professors  is  gone. 

When  work  and  ability  are  required  for  the  position,  and  when 
the  professor  is  expected  to  keep  up  with  the  progress  of  his  sub- 
ject, and  to  do  all  in  his  power  to  advance  it,  and  when  he  is 
selected  for  these  reasons,  then  the  position  will  be  worth  working 
for,  and  the  successful  competitor  will  be  honored  accordingly. 
The  chivalric  spirit  which  prompted  Faraday  to  devote  his  life  to 
the  study  of  nature  may  actuate  a  few  noble  men  to  give  their  lives 
to  scientific  work ;  but  if  we  wish  to  cultivate  this  highest  class  of 
men  in  science,  we  must  open  a  career  for  them  worthy  of  their 
efforts. 

Jenny  Lind,  with  her  beautiful  voice,  would  have  cultivated  it 
to  some  extent  in  her  native  village ;  yet  who  would  expect  her 
to  travel  over  the  world,  and  give  concerts  for  nolhing?  and  how 
would  she  have  been  able  to  do  so  if  she  had  wished?  And  so 
the  scientific  man,  whatever  his  natural  talents,  must  have  instru- 
ments and  a  library,  and  a  suitable  and  respectable  salary  to  live 
upon,  before  he  is  able  to  exert  himself  to  his  full  capacity.  This 
is  true  of  advance  in  all  the  higher  departments  of  human  learning, 
and  yet  something  more  is  necessary.  It  is  not  those  in  this 
conntry  who  receive  the  largest  salar}',  and  have  positions  in  the 
richest  colleges,  who  have  advanced  their  subject  the  most :  men 
receiving  the  highest  salaries,  and  occupying  the  professor's  chair, 
are  to-day  doing  absolutely  nothing  in  pure  science,  but  are  striv- 
ing by  the  commercial  applications  of  their  science  to  increase 
their  already  large  salary.  Such  pursuits,  as  I  have  said  before, 
are  honorable  in  their  proper  place ;  but  the  duty  of  a  professor 
Is  to  advance  his  science,  and  to  set  an  example  of  pure  and  true 
devotion  to  it  which  shall  demonstrate  to  his  students  and  the 
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world  that  there  is  something  high  and  noble  worth  living  for, 
Mone\'-changer8  are  often  respectable  men,  and  yet  they  were 
once  severely  rebuked  for  carrying  on  their  trade  in  the  court  of 
the  temple. 

Wealth  does  not  constitute  a  university,  buildings  do  not :  it  is 
the  men  who  constitute  its  faculty,  and  the  students  who  learn 
from  them.  It  is  the  last  and  highest  step  which  the  mere  student 
takes.  He  goes  forth  into  the  world,  and  the  height  to  which  he 
rises  has  been  influenced  by  the  ideals  which  he  has  consciously  or 
unconsciously  imbibed  in  his  university.  If  the  professors  under 
whom  he  has  studied  have  been  high  in  their  profession,  and  have 
themselves  had  high  ideals ;  if  the}'  have  considered  the  advance 
of  their  particular  subject  their  highest  work  in  life,  and  are  them- 
selves honored  for  their  intellect  throughout  the  world, —  the 
student  is  drawn  toward  that  which  is  highest,  and  ever  after  in 
life  has  high  ideals.  But  if  the  student  is  taught  by  what  are 
sometimes  called  good  teachers,  and  teachers  only,  who  know 
little  more  than  the  student,  and  who  are  often  surpassed  and  even 
despised  by  him,  no  one  can  doubt  the  lowered  tone  of  his  mind. 
He  finds  that  by  his  feeble  efforts  he  can  surpass  one  to  whom  a 
university  has  given  its  highest  honor ;  and  he  begins  to  think 
that  he  himself  is  a  born  genius,  and  the  incentive  to  work  is 
gone.  He  is  great  by  the  side  of  the  molehill,  and  does  not  know 
any  mountain  to  compare  himself  with. 

A  university  should  have  not  only  great  men  in  its  faculty,  bat 
have  numerous  minor  professors  and  assistants  of  all  kinds,  and 
should  encourage  the  highest  work,  if  for  no  other  reason  than  to 
encourage  the  student  to  his  highest  efforts. 

But,  assuming  that  the  professor  has  high  ideals,  wealth  such 
as  only  a  large  and  high  university  can  command  is  necessary  to 
allow  him  the  fullest  development. 

And  this  is  specially  so  in  our  science  of  physics.  In  the  early 
days  of  physics  and  chemistry,  many  of  the  fundamental  exper- 
iments could  be  performed  with  the  simplest  apparatus.  And  so 
wo  often  find  the  names  of  Wollaston  and  Faraday  mentioned  as 
needing  scarcely  anything  for  their  researches.  Much  can  even 
now  be  done  with  the  simplest  apparatus,  and  nobody,  except 
the  utterly  incompetent,  need  stop  for  want  of  it ;  but  the  fact 
remains,  that  one  can  only  be  free  to  investigate  in  all  departments 
of  chemistry  and  physics,  when  he  not  only  has  a  complete  labo- 
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ratory  at  his  command,  but  a  fund  to  draw  on  for  the  expenses 
of  each  experiment.  That  simplest  of  the  departments  of  physics, 
namely,  astronomy,  has  now  reached  such  perfection  that  nobody 
can  expect  to  do  much  more  in  it  without  a  perfectly  equipped  ob- 
servatory ;  and  even  this  would  be  useless  without  an  income 
sufficient  to  employ  a  corps  of  assistants  to  make  the  obser- 
vations and  computations.  But  even  in  this  simplest  of  physical 
subjects,  there  is  great  misunderstanding.  Our  country  has  veiy 
many  excellent  observatories,  and  yet  little  work  is  done  in  compar- 
ison, because  no  provision  has  been  made  for  maintaining  the 
work  of  the  observatory;  and  the  wealth  which,  if  concen- 
trated, might  have  made  one  effective  observatory  which  would 
prove  a  benefit  to  astronomical  science,  when  scattered  among  a 
half-dozen  merely  furnishes  telescopes  for  the  people  in  the  sur- 
roanding  region  to  view  the  moon  with.  And  here  I  strike  the 
keynote  of  at  least  one  need  of  our  counti-y,  if  she  would  stand 
well  in  science ;  and  the  following  item  which  I  clip  from  a  news- 
paper will  illustrate  the  matter : — 

*^The  eccentric  old  Canadian,  Arunah  Huntington,  who  left 
$200,000  to  be  divided  among  the  public  schools  of  Vermont, 
has  done  something  which  will  be  of  little  practical  value  to  the 
schools.  Each  district  will  be  entitled  to  the  insignificant  sum 
of  $10,  which  will  not  advance  much  the  cause  of  education." 

Nobody  will  dispute  the  folly  of  such  a  bequest,  or  the  folly  of 
filling  the  country  with  telescopes  to  look  at  the  moon,  and  call- 
ing them  observatories.  How  much  better  to  concentrate  the 
wealth  into  a  few  parcels,  and  make  first-class  observatories  and 
institutions  with  it ! 

Is  it  possible  that  any  of  our  four  hundred  colleges  and  univer- 
sities have  love  enough  of  learning  to  unite  with  each  other  and 
form  larger  institutions?  Is  it  possible  that  any  have  such  a  love 
of  truth  that  they  are  willing  to  be  called  by  their  right  name  ?  I 
fear  not ;  for  the  spirit  of  expectation,  which  is  analogous  to  the 
spirit  of  gambling,  is  strong  in  the  American  breast,  and  each  in- 
stitution which  now,  except  in  name,  slumbers  in  obscurity,  ex- 
pects in  time  to  bloom  out  into  full  prosperity.  Although  many 
of  them  are  under  religious  influence,  where  truth  is  inculcated, 
and  where  men  are  taught  to  take  a  low  seat  at  the  table  in  order 
that  they  may  be  honored  by  being  called  up  higher,  and  not  dis- 
honored by  being  thrust  down  lower,  yet  these  institutions  have 
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thrust  themselves  into  the  highest  seats,  and  cannot  probably  be 
dislodged. 

But  would  it  not  be  possible  so  to  change  public  opinion  that 
no  college  could  be  founded  witli  a  less  endowment  than  say 
$1,000,000,  or  no  university  with  less  than  three  or  four 
times  that  amount?  From  the  report  of  the  commissioner  of 
education,  I  learn  that  such  a  thing  is  taking  place ;  that  the  tend- 
ency towards  large  institutions  is  increasing,  and  that  it  is  princi- 
pally in  the  west  and  southwest  that  the  multiplication  of  small 
institutions  with  big  names  is  to  be  feared  most,  and  that  the 
east  is  almost  ready  for  the  great  coming  university. 

The  total  wealth  of  the  four  hundi-ed  colleges  and  universities 
in  1880  was  about  $40,000,000  in  buildings,  and  $43,000,000  in 
productive  funds.  This  would  be  sufficient  for  one  great  univer- 
sity of  $10,000,000,  four  of  $5,000,000,  and  twenty-six  colleges  of 
$2,000,000  each.  But  such  an  idea  can  of  course  never  bo  carried 
out.  Government  appropriations  are  out  of  the  question,  because 
no  political  trickery  must  bo  allowed  around  the  ideal  institution. 

In  the  year  1880  the  private  bequests  to  all  schools  and  colleges 
amounted  to  about  $5,500,000 ;  and,  although  there  was  one  bequest 
of  $  1 ,  250,000,  yet  the  amount  does  not  appear  to  be  phenomenal .  It 
would  thus  seem  that  the  total  amount  was  about  five  million  dollars 
in  one  year,  of  which  more  than  half  is  given  to  so-called  colleges 
and  universities.  It  would  be  very  difficult  to  regulate  these  be- 
quests so  that  they  might  be  concentrated  sufficiently  to  pixxluce 
an  immediate  result.  But  the  figures  show  that  generosity  is  a 
prominent  feature  of  the  American  i>eo|>le,  and  that  the  needs  of 
the  country  only  have  to  be  appreciated  to  have  the  funds  forth- 
coming. We  must  make  the  need  of  researeh  and  of  pure  science 
felt  in  the  country.  We  must  live  such  lives  of  pure  devotion  to 
our  science,  that  all  shall  see  that  we  ask  for  mone}',  not  that  we  may 
live  in  indolent  ease  at  the  exi>ense  of  charity,  but  that  we  may  work 
for  that  which  has  advanced  and  willa<lvance  the  world  more  than 
any  other  subject,  both  intellectually  and  physically.  We  must 
live  such  lives  as  to  neutralize  the  infiueuce  of  those  who  in  high 
places  have  degraded  their  profession,  or  have  given  themselves 
over  to  ease,  and  do  nothing  for  the  science  which  they  represent. 
Let  us  do  what  we  can  with  the  present  means  at  our  dis|x>sa]. 
There  is  not  one  of  us  who  is  situated  in  the  position  best  adapted  to 
bring  out  all  his  powers,  and  to  allow  him  to  do  most  for  his  science. 
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All  have  their  difficulties,  and  I  do  not  think  that  circumstances 
will  ever  radically  change  a  man.  If  a  man  has  the  instinct  of  re- 
search in  him,  it  will  always  show  itself  in  some  form.  But 
circumstances  may  direct  it  into  new  paths,  or  may  foster  it  so  that 
what  would  otherwise  have  died  as  a  bud  now  blossoms  and  ripens 
into  the  perfect  fruit. 

Americans  have  shown  no  lack  of  invention  in  small  things ;  and 
the  same  spirit  when  united  to  knowledge  and  love  of  science, 
becomes  the  spirit  of  research.  The  telegraph-operator,  with  his 
limited  knowledge  of  electricity  and  its  laws,  naturally  turns  his 
attention  to  the  improvement  of  the  only  electrical  instrument  he 
knows  anything  about ;  and  his  researches  would  be  confined  to 
the  limited  sphere  of  his  knowledge,  and  to  the  simple  laws  with 
which  he  is  acquainted.  But  as  his  knowledge  increases,  and  the 
field  broadens  before  him,  as  he  studies  the  mathematical  theory  of 
the  subject,  and  the  electro-magnetic  theory  of  light  loses  the  dim 
haze  due  to  distance,  and  becomes  his  constant  companion,  the  tele- 
graph instrument  becomes  to  him  a  toy,  and  his  effort  to  discover 
something  new  becomes  research  in  pure  science. 

It  is  useless  to  attempt  to  advance  science  until  one  has  mas- 
tered the  science :  he  must  step  to  the  front  before  his  blows  can  tell 
in  the  strife.  Furthermore,  I  do  not  believe  anybody  can  be 
thorough  in  any  department  of  science,  without  wishing  to  advance 
it.  In  the  study  of  what  is  known,  in  the  reading  of  the  scientific 
journals,  and  the  discussions  therein  contained  of  the  current  sci- 
entific questions,  one  would  obtain  an  impulse  to  work,  even 
though  it  did  not  before  exist ;  and  the  same  spirit  which  prompt- 
ed him  to  seek  what  was  already  known  would  make  him  wish  to 
know  the  unknown.  And  I  may  say  that  I  never  met  a  case  of 
tliorough  knowledge  in  ray  own  science,  exceptin  the  case  of  well- 
known  investigators.  I  have  met  men  who  talked  well,  and  I  have 
sometimes  asked  myself  why  they  did  not  do  something ;  but 
further  knowledge  of  their  character  has  shown  the  superficiality 
of  their  knowledge.  I  am  no  longer  a  believer  in  men  who  could 
do  something  if  they  would,  or  would  do  something  if  they  had  a 
chance.  They  are  impostors.  If  the  spirit  is  there,  it  will  show 
itself  in  spite  of  circumstances. 

As  I  remarked  before,  the  investigator  in  pure  science  is  usually 
a  professor.  He  must  teach  as  well  as  investigate.  It  is  a  ques- 
tion which  has  been  discussed  in  late  years,  as  to  whether  these 
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two  functions  had  better  be  combined  in  the  same  individual,  or 
separated.  It  seems  to  be  the  opinion  of  most,  that  a  certain 
amount  of  teaching  is  conducive,  rather  than  otherwise,  to  the 
spirit  of  research.  I  myself  think  that  this  is  true,  and  I  should 
myself  not  like  to  give  up  my  daily  lecture ;  but  one  must  not  be 
overburdened.  I  suppose  that  the  true  solution,  in  many  cases, 
would  be  found  in  the  multiplication  of  assistants,  not  only  for  the 
work  of  teaching  but  of  research.  Some  men  are  gifted  with  more 
ideas  than  thoy  can  work  out  with  their  own  hands,  and  the  world 
is  losing  much  by  not  supplying  them  with  extra  hands.  Life  is 
short :  old  age  comes  quickly,  and  the  amount  one  pair  of  bands 
can  do  is  very  limited.  What  sort  of  shop  would  that  be,  or  what 
sort  of  factory,  where  one  man  had  to  do  all  the  work  with  his  own 
hands  ?  It  is  a  fact  in  nature,  which  no  democracy  can  change, 
that  men  are  not  equal, — that  some  have  brains,  and  some  hands ; 
and  no  idle  talk  about  equality  can  ever  subveit  the  order  of  the 
universe. 

I  know  of  no  institution  in  this  country  where  assistants 
are  supplied  to  aid  directly  in  research  ;  yet  \\\\y  should  it  not  be 
80?  Even  the  absence  of  assistant  professors  and  assistants  of 
all  kinds,  to  aid  in  teaching,  is  very  noticeable,  and  must  be 
remedied  before  we  can  expect  much. 

There  are  many  physical  problems,  especially  those  requiring 
exact  measurements,  which  cannot  be  carried  out  by  one  man,  and 
can  only  be  successfully  attacked  by  the  most  elaborate  apparatus, 
and  with  a  full  corps  of  assistants.  Such  are  Regnault's  experi- 
ments on  the  fundamental  laws  of  gases  and  vapors,  made  thirty 
or  forty  years  ago  by  aid  from  the  French  government,  and  which 
are  the  standards  to  this  day.  Although  these  experiments  were 
made  with  a  view  to  the  practical  calculation  of  the  steam-engine, 
yet  they  were  carried  out  in  such  a  broail  spirit  that  they  have 
been  of  the  greatest  theoretical  use.  Again,  what  would  astron- 
omy have  done  without^  the  endowment  of  observatories?  By  their 
means,  that  science  has  become  the  most  perfect  of  all  branches 
of  physics,  as  it  should  be  from  its  simplicit}'.  There  is  no  doubt, 
in  my  mind,  that  similar  institutions  for  other  branches  of  ph^^sics, 
or,  better,  to  include  the  whole  of  physics,  would  be  equally  suc- 
cessful. A  large  and  perfectly  equipped  physical  laboratory  with 
its  large  revenues,  its  corps  of  professors  and  assistants,  and  its 
machine-shop  for  the  construction  of  new  apparatus,  would  be  able 
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to  advance  our  science  quite  as  much  as  endowed  observatories 
have  advanced  astronomy.  But  such  a  laboratory  should  not  be 
founded  rashly.  The  value  will  depend  entirely  on  the  physicist  at 
its  head,  who  has  to  devise  the  plan,  and  to  start  it  into  practical 
working.  Such  a  man  will  always  be  rare,  and  cannot  always  be 
obtained.  After  one  had  been  successfully  started,  others  could 
follow ;  for  imitation  requires  little  brains. 

One  could  not  be  certain  of  getting  the  proper  man  every  time, 
but  the  means  of  appointment  should  be  most  carefully  studied  so 
as  to  secure  a  good  average.  There  can  be  no  doubt  that  the  ap- 
pointment should  rest  with  a  scientific  body  capable  of  judging  the 
highest  work  of  each  candidate. 

Should  any  popular  element  enter,  the  person  chosen  would  be 
of  the  literary-scientific  order,  or  the  dabbler  on  the  outskirts  who 
presents  his  small  discoveries  in  the  most  theatrical  manner. 
"What  is  required  is  a  man  of  depth,  who  has  such  an  insight  into 
physical  science  that  he  can  tell  when  blows  will  best  tell  for  its 
advancement. 

Such  a  grand  laboratory  as  I  describe  does  not  exist  in  the 
world,  at  present,  for  the  study  of  physics.  But  no  trouble  has 
ever  been  found  in  obtaining  means  to  endow  astronomical  science. 
Everybody  can  appreciate,  to  some  extent,  the  value  of  an  obser- 
vatory ;  as  astronomy  is  the  simplest  of  scientific  subjects,  and  has 
very  quickly  reached  a  position  where  elaborate  instruments  and 
costly  computations  are  necessaiy  to  further  advance.  The  whole 
domain  of  physics  is  so  wide  that  workers  have  hitherto  found 
enough  to  do.  But  it  cannot  always  be  so,  and  the  time  has  even 
now  anived  when  such  a  grand  laboratory  should  be  founded. 
Shall  our  country  take  the  lead  in  this  matter,  or  shall  we  wait 
for  foreign  countries  to  go  before?  They  will  be  built  in  the 
future,  but  when  and  how  is  the  question. 

Several  institutions  are  now  putting  up  laboratories  for  physics. 
They  are  mostly  for  teaching,  and  we  can  expect  only  a  compara- 
tively small  amount  of  work  from  most  of  them.  But  they  show 
progress ;  and,  if  the  progress  be  as  quick  in  this  direction  as  in 
others,  we  should  be  able  to  see  a  great  change  before  the  end  of 
our  lives. 

As  stated  before,  men  are  influenced  by  the  sympath}'  of  those 
with  whom  they  come  in  contact.  It  is  impossible  to  change  public 
opinion  in  our  favor  immediately ;  and,  indeed,  wc  must  always 
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seek  to  lead  it,  and  not  be  guided  by  it.  For  pure  science  is  the 
pioneer  who  must  not  hover  about  cities  and  civilized  countries, 
but  must  strike  into  unlcnown  forests,  and  climb  the  hitherto  inac- 
cessible mountains  which  lead  to  and  command  a  view  of  the 
promised  land, —  the  land  which  science  promises  us  in  the  future; 
which  shall  not  only  flow  with  milk  and  honey,  but  shall  give  us  a 
better  and  more  glorious  idea  of  this  wonderful  universe.  We 
must  create  a  public  opinion  in  our  favor,  but  it  need  not  at  first 
be  the  general  public.  We  must  be  contented  to  stand  aside,  and 
see  the  honors  of  the  world  for  a  time  given  to  our  inferiors  ;  and 
must  be  better  contented  with  the  approval  of  our  own  consciences, 
and  of  the  very  few  who  are  capable  of  judging  our  work,  than  of  the 
whole  world  beside.  Let  us  look  to  the  other  physicists,  not  in 
our  own  town,  not  in  our  own  country,  but  in  the  whole  world,  for 
the  words  of  praise  which  are  to  encourage  us,  or  the  words  of 
blame  which  are  to  stimulate  us  to  renewed  effort.  For  what  to  us 
is  the  praise  of  the  ignorant?  Let  us  join  together  in  the  bonds  of 
our  scientific  societies,  and  encourage  each  other,  as  we  are  now 
doing,  in  the  pursuit  of  our  favorite  study ;  knowing  that  the  world 
will  sometime  recognize  our  services,  and  knowing,  also,  that  we 
constitute  the  most  important  element  in  human  progress. 

But  danger  is  also  near,  even  in  our  societies.  When  the  aver- 
age tone  of  the  society  is  low,  when  the  highest  honors  are  given 
to  the  mediocre,  when  third-class  men  are  held  up  as  examples, 
and  when  trifling  inventions  are  magnified  into  scientific  discover- 
ies, then  the  influence  of  such  societies  is  prejudicial.  A  young 
scientist  attending  the  meetings  of  such  a  society  soon  gets  per- 
verted ideas.  To  his  mind,  a  molehill  is  a  mountain,  and  the 
mountain  a  molehill.  The  small  inventor  or  the  local  celebrity 
rises  to  a  greater  height,  in  his  mind,  than  the  great  leader  of 
science  in  some  foreign  land.  He  gauges  himself  by  the  molehill, 
and  is  satisfied  with  his  stature ;  not  knowing  that  he  is  but  an 
atom  in  comparison  with  the  mountain,  until,  perhaps,  in  old  age, 
when  it  is  too  late.  But,  if  the  size  of  the  mountain  had  been 
seen  at  fii-st,  the  young  scientist  would  at  least  have  been  stimu- 
lated in  his  endeavor  to  grow. 

We  cannot  all  be  men  of  genius ;  but  we  can,  at  least,  point 
them  out  to  those  around  us.  We  may  not  be  able  to  benefit 
science  much  ourselves ;  but  we  can  have  high  ideals  on  the  sub- 
ject, and  instil  them  into  those  with  whom  we  come  in  contact 
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For  the  good  of  ourselves,  for  the  good  of  onr  country,  for  the 
good  to  the  world,  it  is  incumbent  on  us  to  form  a  true  estimate 
of  the  worth  and  standing  of  persons  and  things,  and  to  set  be- 
fore our  own  minds  all  that  is  great  and  good  and  noble,  all  that 
is  most  important  for  scientific  advance,  above  the  mean  and  low 
and  unimportant. 

It  is  very  often  said,  that  a  man  has  a  right  to  his  oi>inion. 
This  might  be  true  for  a  man  on  a  desert  island,  whose  enor 
would  influence  only  himself ;  but  when  he  opens  his  lips  to  in- 
struct others,  or  even  when  he  signifies  his  opinions  by  his  daily 
life,  then  he  is  directly  responsible  for  all  his  errors  of  judgment 
or  fact.  He  has  no  right  to  think  a  molehill  as  big  as  a  moun- 
tain, nor  to  teach  it,  any  more  than  he  has  to  think  the  world  is 
flat,  and  teach  that  it  is  so.  The  facts  and  laws  of  onr  science 
have  not  equal  importance,  neither  have  the  men  who  cultivate  the 
science  achieved  equal  results.  One  thing  is  greater  than  another, 
and  we  have  no  right  to  neglect  the  order.  Thus  shall  our  minds 
be  guided  aiight,  and  our  efforts  be  toward  that  which  is  tho 
highest. 

Then  shall  we  see  that  no  physicist  of  the  first  class  has  ever  ex- 
isted in  this  country,  that  we  must  look  to  other  countries  for  our 
leaders  in  that  subject,  and  that  the  few  excellent  workers  in  our 
country  must  receive  many  accessions  from  without  before  they 
can  constitute  an  American  science,  or  do  their  share  in  the 
world's  worl^. 

Bat  let  me  return  to  the  subject  of  scientific  societies.  Here 
American  science  has  its  hardest  problem  to  contend  with.  There 
are  very  many  local  societies  dignified  by  high-sounding  names, 
each  having  its  local  celebrity,  to  whom  the  privilege  of  describing 
some  crab  with  an  extra  claw,  which  he  found  in  his  morning 
ramble,  is  inestimable.  And  there  are  some  academies  of  science, 
situated  at  our  seats  of  learning,  which  are  doing  good  work  in 
their  locality.  But  distances  are  so  great  that  it  is  diflScult  to  col- 
lect men  together  at  any  one  point.  The  American  Association, 
which  we  ate  now  attending,  is  not  a  scientific  academy,  and  does 
not  profess  to  be  more  than  a  gathering  of  all  who  are  inter- 
ested in. science,  to  read  papers  and  enjoy  social  intercourse. 
The  National  Academy  of  Sciences  contains  eminent  men  from 
the  whole  country,  but  then  it  is  only  for  the  purpose  of  advising  the 
government  freely  on  scientific  matters.    It  has  no  building,  it  ha^ 
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no  librai7  ;  and  it  publishes  nothing  except  the  information  wbicli 
it  freely  gives  to  the  government,  which  does  nothing  for  it  in  re- 
turn. It  has  not  had  much  eflfect  directl}^  on  American  science; 
but  the  liberality  of  the  government  in  the  way  of  scientific  expe- 
ditions, publications,  etc.,  is  at  least  partly  due  to  its  influence, 
and  in  this  way  it  has  done  much  good.  But  it  in  no  way  takes 
the  place  of  the  great  Royal  society,  or  the  great  academies  of 
science  at  Paris,  Berlin,  Vienna,  St.  Petersburgh,  Munich,  and, 
indeed,  all  the  European  capitals  and  large  cities.  These,  by  their 
publications,  give  to  the  young  student,  as  well  as  to  the  more 
advanced  physicist,  models  of  all  that  is  considered  excellent ;  and 
to  become  a  member  is  one  of  the  highest  honors  to  which  he  can 
aspire,  while  to  write  a  memoir  which  the  academy  considers 
worthy  to  be  published  in  its  transactions  excites  each  one  to  his 
highest  effort. 

The  American  Academy  of  Sciences  in  Boston  is  perhaps  our  near- 
est representation  of  this  class  of  academies,  but  its  limitation  of 
membership  to  the  state  deprives  it  of  a  national  character. 

But  there  is  another  matter  which  influences  the  growth  of  our 
science. 

As  it  is  necessary  for  us  still  to  look  abroad  for  our  highest  in- 
spiration in  pure  science,  and  as  science  is  not  an  affair  of  one 
town  or  one  counhy,  but  of  the  whole  world,  it  becomes  us  all  to  read 
the  current  journals  of  science  and  the  great  transactions  of  foreign 
societies,  as  well  as  those  of  our  own  countries.  These  great 
transactions  and  journals  should  be  in  the  library  of  every  institu- 
tion of  learning  in  the  country,  where  science  is  taught.  How  can 
teachers  and  professors  be  expected  to  know  what  has  been  dis- 
covered in  the  past,  or  is  being  discovered  now,  if  these  are  not 
provided  ?  Has  any  institution  a  right  to  starve  mentall}'  the 
teachers  whom  it  employs,  or  the  students  who  come  to  it?  There 
can  be  but  one  answer  to  this ;  and  an  institution  calling  itself  a 
university,  and  not  having  the  current  scientific  journals  upon  its 
table  or  the  transactions  of  societies  upon  its  librarj'-shelves,  is 
certainly  not  doing  its  best  to  cultivate  all  that  is  6est  in  this 
world. 

We  call  this  a  free  country,  and  yet  it  is  the  only  one  where 
there  is  a  direct  tax  upon  the  pursuit  of  science.  The  low  state  of 
pure  science  in  our  countiy  may  possibly  be  attributed  to  the 
youth  of  the  country ;  but  a  direct  tax,  to  prevent  the  growth  of 
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our  country  in  that  subject,  cannot  be  looked  upon  as  other  than 
a  deep  disgrace.  I  refer  to  the.  duty  upon  foreign  books  and  peri- 
odicals. In  our  science,  no  books  above  elementary  ones  have 
ever  been  published,  or  are  likely  to  be  published  in  this  country ; 
and  yet  every  teacher  in  physics  must  have  them,  not  only  in  the 
college  library,  but  on  his  own  shelves,  and  must  pay  the  govern- 
ment of  this  country  to  allow  him  to  use  a  portion  of  his  small  sal- 
ary to  buy  that  which  is  to  do  good  to  the  wliole  country.  All 
freedom  of  intercourse  which  is  necessary  to  foster  our  growing 
science  is  thus  broken  off,  and  that  which  might,  in  time,  relieve 
our  country  of  its  mediocrit}',  is  nipped  in  the  bud  by  our  govern- 
ment, which  is  most  liberal  when  appealed  to  directly  on  scientific 
subjects. 

One  would  think  that  books  in  foreign  languages  might  be  ad- 
mitted free;  but  to  please  the  half-dozen  or  so  workmen  who 
reprint  German  books,  not  scientific,  our  free  intercourse  with 
that  country  is  cut  off.  Our  scientific  associations  and  societies 
must  make  themselves  heard  in  this  matter,  and  show  those  in 
authority  how  the  matter  stands. 

In  conclusion,  let  me  say  once  more,  that  I  do  not  believe  that 
our  country  is  to  remain  long  in  its  present  position.  The  science 
of  physics,  in  whose  applications  our  country  glories,  is  to  arise 
among  us,  and  make  us  respected  by  the  nations  of  the  world. 
Such  a  prophecy  may  seem  rash  with  regard  to  a  nation  which 
does  notj-et  do  enough  physical  work  to  support  a  phj'sical  journal. 
But  we  know  the  speed  with  which  we  advance  in  this  country : 
we  see  cities  springing  up  in  a  night,  and  other  wonders  performed 
at  an  unprecedented  rate.  And  now  we  see  physical  laboratories 
being  built,  we  see  a  great  demand  for  thoroughly  trained  physi- 
cists, who  have  not  shirked  tlieir  mathematics,  both  as  professors 
and  in  so-called  practical  life ;  and  perhaps  we  have  tlie  feeling, 
common  to  all  true  Americans,  that  our  country  is  going  forward 
to  a  glorious  future,  when  we  shall  lead  the  world  in  the  strife  for 
intellectual  prizes  as  we  now  do  in  the  strife  for  wealth. 

But  if  this  is  to  be  so,  we  must  not  aim  low.  The  problems  of 
the  universe  cannot  be  solved  without  labor ;  they  cannot  be 
attacked  without  the  proper  intellectual  as  well  as  physical  tools  ; 
and  no  physicist  need  expect  to  go  far  without  his  mathematics. 
No  one  expects  a  horse  to  win  in  a  great  and  long  race  who  has 
not  been  properly  trained ;  and  it  would  be  folly  to  attempt  to  win 
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with  one,  however  pure  his  blood  and  high  his  pedigree,  without  it. 
The  problems  we  solve  are  more  difficult  than  any  race ;  the  high- 
est intellect  cannot  hope  to  succeed  without  proper  preparation. 
The  great  prizes  are  reserved  for  the  greatest  efforts  of  the 
greatest  intellects,  who  have  kept  their  mental  eye  bright  and 
flesh  hard  by  constant  exercise.  Apparatus  can  be  bought  with 
money,  talents  may  come  to  us  at  birth ;  but  our  mental  tools, 
bur  mathematics,  our  experimental  abilit}^  our  knowledge  of 
what  others  have  done  before  us,  all  have  to  be  obtained  by  work. 
The  time  is  almost  past,  even  in  our  own  countiy,  when  third-rate 
men  can  find  a  place  as  teachers,  because  they  are  unfit  for  every- 
thing else.  We  wish  to  see  brains  and  learning,  combined  with 
energy  and  immense  working  power,  in  the  professor's  chair  ;  but, 
above  all,  we  wish  to  see  that  high  and  chivalrous  spirit  which 
causes  one  to  pursue  his  idea  in  spite  of  all  difficulties,  to  work  at 
the  problems  of  nature  with  the  approval  of  his  own  conscience, 
and  not  of  men  before  him.  Let  him  fit  himself  for  the  struggle 
with  all  the  weapons  which  mathematics  and  the  experience  of 
those  gone  before  him  can  furnish,  and  let  him  enter  the  arena 
with  the  fixed  and  stem  purpose  to  conquer.  Let  him  not  be  con- 
tented to  stand  back  with  the  crowd  of  mediocrity,  but  let  him 
press  forward  for  a  front  place  in  the  strife. 

The  whole  universe  is  before  us  to  study.  The  greatest  labor  of 
the  greatest  minds  has  only  given  us  a  few  pearls ;  and  j-et  the 
limitless  ocean,  with  its  hidden  depths  filled  with  diamonds  and 
precious  stones,  is  before  us.  The  problem  of  the  universe  is  yet 
unsolved,  and  the  mystery  involved  in  one  single  atom  yet  eludes 
us.  The  field  of  research  only  opens  wider  and  wider  as  we  ad- 
vance, and  our  minds  are  lost  in  wonder  and  astonishment  at  the 
grandeur  and  beauty  unfolded  before  us.  Shall  we  help  in  this 
grand  work,  or  not?  Shall  our  country  do  its  share,  or  shall  it 
still  live  in  the  almshouse  of  the  world  ? 
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Determination  op  the  relation  between  the  Imperial  Yard 
AND  THE  Metre  op  the  Archives.  By  William  A.  Rogers 
of  Cambridge,  Mass. 

[AB8TBACT.] 

This  paper  was  a  continuation  of  one  upon  the  same  subject 
presented  at  the  Montreal  meeting.  The  mean  result  of  the 
determinations  up  to  that  time  was  as  follows:  Imperial  Yard 
4-  3.37015  inches  =  Metre  des  Archives. 

The  writer  stated  at  that  time,  that  he  should  not  like  to  be  held 
to  a  very  strict  account  with  regard  to  the  last  decimal  figure,  or 
even  the  last  two  decimal  figures,  on  account  of  the  diflSculty  of 
obtaining  the  requisite  data. 

Since  the  meeting  last  year,  additional  data  have  been  obtained. 
In  February  of  the  present  year,  a  combined  jard  and  metre  was 
received  from  Paris.  The  yard  was  compared  with  the  Imperial 
Yard,  in  1880,  by  Mr.  Chancy,  the  Warden  of  the  Imperial  Stand- 
ards. During  the  interval  between  1880  and  February  of  the 
present  3'ear,  this  metre  has  received  repeated  comparisons  with 
the  metre  of  the  International  Bureau,  under  the  direction  of  Dr. 
Pemet.  According  to  his  report,  this  metre  is  810  mikrons  too 
short  at  0°  centigrade ;  for  the  same  temperature,  the  yard  was 
found  by  Mr.  Chaney  to  be  20.7  mikrons  too  short. 

Comparing  the  metre  and  the  j^ard  upon  this  bar  with  the  bronze 
yard  and  metre  described  at  Montreal,  and  combining  the  results 
with  those  previously  found,  the  relation  was  found  as  follows : 
Imperial  Yard  +  3.37027  inches  =  Metre  des  Arcluves. 

The  details  of  the  investigation  will  be  found  in  the  Proceedings 
of  the  American  Academy  of  Arts  and  Sciences  for  1883. 

(127) 
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The  Static  Telephone.  By  A.  E.  Dolbear  of  C611ege  Hill,  Mass. 

[AB8TRA0T.1 

In  the  static  telephone,  a  ring  of  hard  rabl>er  is  used  within 
which  are  two  parallel  metal-plates  separated  by  a  body  of  air  (a 
non-conductor),  one  plate  connected  with  the  line  from  the  trans- 
mitter. The  electrifying  of  one  plate  then  causes  attraction  or 
repulsion  of  the  free  plate,  and  thus  a  sound  in  the  receiver.  This 
does  away  with  magnetism.  This  system  therefore  requires  a  very 
large  electro-motive  force,  and  uses  an  induction  coil  of  2,000 
ohms.  A  ground  or  return  circuit  is  not  needed  here.  The  equiv- 
alent is  the  body  itself.  There  is  no  passage  of  electricity  from 
plate  to  plate :  the  action  is  purely  inductive  through  space.  The 
insulation  is  accomplished  by  the  intervening  air  space,  and  by  a 
coating  of  varnish,  —  an  excellent  di-electric.  There  is  a  device 
to  charge  the  induction  plates  in  connection  with  this  instrument, 
which  keeps  it  constantly  up  to  its  full  possibilities.  When  this 
instrument  is  fully  charged,  and  the  electrical  conditions  nre  per- 
fect, the  receiver  may  be  entirely  disconnected  from  the  transmit- 
ter, and  sounds  and  conversation  can  still  be  heard,  even  across  a 
room. 

He  also  called  attention  to  the  fact,  that  instruments  that  have 
been  in  use  work  much  better  than  new  ones,  as  each  plate  acts  as 
a  condenser.^ 


New  Form  of  Selenium  Cell,  with  some  Remarkable  Electrical 
Discoveries  made  bt  its  use.  By  Charles  E.  Fritts  of 
New  York,  N.  Y. 

[.ABSTRACT.  I 

The  author  has  invented  an  entirely  new  form  of  cell,  having 
the  following  novel  features:  1.  Its  resistance  can  be  made  as 
low  as  desired.  Some  cells  have  been  made  having  a  resistance  as 
low  as  9  ohms  in  the  dark.     2.  They  are  far  more  sensitive  to  light 

^  The  discussion  following  the  reading  of  this  paper  is  reported  in  Sciercb  of  Ang. 
94,  p.  285. 
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than  any  before  known.  One  was  cited  which  had  fifteen  times 
as  much  resistance  in  dark  as  in  diflfnsed  daylight.  3.  The}^  show 
the  other  properties  of  selenium  in  a  degree  equally  remarkable. 
4.  The  light  is  caused  to  strike  the  selenium  in  the  same  plane  or 
general  direction  as  the  current.  5.  Their  construction  is  such 
that  they  are  easily  handled  and  used,  and  form  a  practical  work- 
ing apparatus,  both  for  scientific  researches  and  technical  uses. 
The  cost  when  completed  is  about  $100  each. 

By  experiments  he  has  discovered  :  1.  That,  by  simply  revers- 
ing the  direction  of  a  current  through  the  cell,  its  resistance  will 
become  in  some  cases  as  much  as  ten  or  fifteen  times  as  high  as 
before.  When  the  original  direction  of  current  is  restored,  its 
resistance  falls  again.  This  effect  can  be  repeated  any  number  of 
times.  It  is  sensitive  to  light  in  both  cases,  but  is  generally  more 
sensitive  with  the  current  entering  the  selenium  at  the  same  sur- 
face which  the  light  is  acting  upon. 

2.  By  changing  the  electromotive  force  of  the  current  through 
the  cell,  its  resistance  is  changed  enormously.  By  substituting 
23  Leclanch^  elements  in  place  of  1,  the  resistance  of  a  cell  was 
in  one  case  changed  from  14,000  ohms  to  4,600  ohms.  On  lower- 
ing the  battery  power  the  reverse  effect  is  produced.  This  change 
can  be  produced  as  often  as  desired. 

3.  Very  moderate  changes  of  temperature  (say  10°  to  50°  Fahr.) 
can  change  the  resistance  of  a  cell  some  hundreds  or  thousands  of 
ohms  in  a  few  seconds.  This  change  is  temporary.  The  sensi- 
tiveness to  light  is  greater  when  the  cell  is  cold. 

4.  An  intermittent  current  will  produce  the  same  effect.  In 
one  case  it  lowered  the  resistance  of  a  cell  from  50,000  ohms  to 
33,000  ohms  almost  instantly.     But  this  change  was  permanent. 

Mr.  Fritts  has  produced  a  colorless  transparent  form  of  selenium, 
by  subjecting  pure  selenium  to  high  heat  under  pressure.  It  ap- 
pears to  be  a  better  conductor  even  than  the  ordinary  granular  or 
crystalline  form  of  selenium. 

Other  interesting  discoveries  were  described,  and  the  attention 
of  physicists  was  called  to  these  phenomena,  as  being  worthy  of 
careful  study,  and  promising  discoveries  of  the  highest  import- 
ance, both  theoretically  and  practically,  in  return  for  properly 
conducted  investigations. 

▲.  ^  A.  s.,  YOL.  xxxn.  9 
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The  Magnetophone,  or  the  modification  op  the  Magnetic 
Field  by  the  rotation  op  a  perforated  Metallic  Disk. 
By  H.  S.  Cauhart  of  Evanston,  III. 

[abstract.!] 

The  experiments  of  Bell,  Pieece,  and  others,  on  the  radiophone, 
suggested  the  possibility  of  interrupting,  or  at  least  periodically 
modifying,  the  lines  of  force  proceeding  from  the  poles  of  a  magnet, 
by  means  of  a  disk  of  sheet-iron,  perforated  with  a  series  of 
ei^uidistant  holes,  and  rotated  so  that  the  holes  should  pass  directly 
in  front  of  the  magnetic  pole.  It  is  well  known  that  the  armature 
placed  on  the  poles  of  a  permanent  magnet  diminishes  the  strength 
of  the  external  field  of  force  by  furnishing  superior  facilities  for 
the  formation  of  polarized  chains  of  particles  from  pole  to  pole. 
This  is  the  case  even  when  the  armature  does  not  touch  the  poles, 
but  is  in  close  proximity  to  them. 

If  a  piece  of  sheet-iron  be  placed  over  the  poles  of  a  magnet 
without  touching,  and  magnetic  curves  be  developed  on  paper 
above  the  iron,  they  will  be  found  to  exhibit  less  intense  and  less 
sharply  defined  magnetic  action  than  when  the  sheet-iron  is  re- 
moved. If,  however,  a  small  hole  be  drilled  directly  over  each 
magnetic  pole,  the  screening  action  of  the  sheet-iron  is  modified 
in  much  the  same  way  as  when  a  hole  is  made  in  a  screen  opaque 
to  light ;  for  the  developed  curves  show  distinctly  the  outline  of 
the  holes.  If,  therefore,  the  sheet-iron  in  the  form  of  a  circular 
plate,  pierced  with  a  number  of  holes,  be  rapidly  rotated  between 
the  pole  of  a  magnet  and  a  small  induction  bobbin,  the  action  of 
the  magnet  on  the  core  of  the  bobbin  will  be  periodically  modi- 
fied, because  of  the  passing  holes ;  and  hence  induced  currents 
will  flow  through  a  circuit  including  the  bobbin.  A  disk  of  sheet- 
iron  was  pierced  with  two  circles  of  quarter-inch  holes  concentric 
with  the  disk,  the  number  of  holes  in  the  two  circles  being  thirty- 
two  and  sixty-four  respectively.  On  one  side  of  the  disk  was 
placed  a  horseshoe  magnet  with  its  poles  very  near  the  rows  of 
holes  ;  on  the  other  side  were  arranged  two  corresponding  induction 
bobbins.  The  circuit  was  completed  through  a  telephone  and 
either  bobbin  at  pleasure.    Upon  rotating  the  disk  rapidly,  a  clear 

>Thi8  paper  is  published  in  fUll  with  iUustrotioDSin  Sgibncb  for  September  21, 1833, 
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musical  sound  was  produced  in  the  telephone,  the  pitch  rising  with 
the  rapidity  of  rotation.  Moreover,  the  bobbin  opiwsite  the  circle 
of  sixt3'-four  holes  gave  tlie  octave  above  the  other,  and  each  gave 
a  note  of  the  same  pitch  as  was  produced  by  blowing  a  stream  of 
air  through  the  corresponding  holes. 

Non-magnetic  metallic  disks  produce  similar  musical  notes  by 
the  periodic  modification  of  the  magnetic  field  by  means  of  the 
distortion  or  bending  of  the  lines  of  force.  A  periodic  movement 
of  the  lines  of  force  will  take  place  when  the  disk  rotates,  because 
the  solid  parts  deflect  the  lines  in  the  direction  of  the  rotation, 
while  the  passage  of  a  hole  allows  them  to  fall  back. 


Magnetic  Survey  of  Missouri.      By  F.  E.  Nipher  of  St.  Louis, 
Missouri. 

[ABSTRACT.] 

In  the  spring  of  1878  a  survey  of  Missouri  was  begun,  which 
was  expected  to  determine  all  points  in  regard  to  terrestrial  mag- 
netism :  160  points  have  been  covered.  The  work  was  undertaken 
under  private  auspices,  most  of  the  money  tendered  unasked,  and 
the  work  has  been  earned  on  successfully  until  the  present  time. 
The  first  three  years  were  spent  in  making  a  preliminary  survey. 
In  the  early  part  of  the  survey  we  labored  under  great  difficulties, 
because  I  supposed  that  the  lines  of  equal  value,  laid  down  upon 
the  observations  given  in  the  coast-survey  charts,  were  substan- 
tially correct ;  so  that  time  was  frequently  lost  in  repeating  values 
at  stations  left  behind,  in  order  to  be  certain  that  no  error  had  been 
committed.  But  when  we  settled  down  to  the  conclusion  that  we 
really  knew  nothing  about  the  matter,  we  had  very  much  less 
trouble.  At  first,  intensity  determinations  were  made  at  each 
station;  but  in  later  years,  since  the  magnets  have  proved  so 
satisfactory,  the  plan  was  adopted  of  making  absolute  determina- 
tions only  at  regular  intervals  during  the  summer.  The  tempera- 
ture corrections  for  the  magnet  were  made  twice, —  once  in  1878, 
and  once  two  years  ago, —  and  they  agreed  very  closely  with  each 
other. 
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The  dip  circle  was  a  large  one,  such  as  was  formerly  mach  nsed, 
and  winch  was  found  to  be  an  excellent  instrument,  though  rather 
clumsy  to  carry.  The  charts  which  have  been  prepared  show  what 
the  results  were.  In  a  former  communication  to  the  association 
at  Cincinnati,  I  suggested  an  explanation  of  the  peculiar  flexures 
of  the  isogonic  lines,  as  being  due  to  earth-currents  which  seemed 
to  be  deflected  by  the  moist  river-valleys.  The  map  upon  which 
that  hypothesis  was  based  represented  observations  taken  over  the 
entire  state.  Byre-determination  we  have  found  that  those  obser- 
vations were  all  coiTect ;  but  more  detailed  work  shows  that  this 
explanation  is  not  admissible.  There  is  no  evidence  of  the 
fact  that  contour  has  anything  to  do  with  the  deviation  of  the 
needle  from  the  normal  values.  Similar  flexures  are  also  seen  in 
the  lines  of  equal  inclination  and  the  lines  of  intensity.  One  and 
perhaps  two  years  will  be  required  to  accomplish  the  work  proper- 
\y.  There  is  nothing  new  in  the  subject,  except  the  rather  unex- 
pected flexures  which  we  found  in  these  lines.  It  shows  very 
clearly  that  the  isogonic  lines  which  are  published  for  the  use  or 
surveyors  are  of  no  earthly  use.  Work  ought  to  be  done  in  a 
detailed  way  over  the  whole  country ;  and  I  hope  we  shall  some 
time  be  able  to  combine  with  these  determinations  a  series  of 
magnetic  values  at  ten  or  twelve  different  stations  in  the  state  of 
Missouri,  and  also  simultaneous  determinations  of  earth-currents 
upon  lines  making  angles  with  each  other  at  the  dilfferent  stations. 
Similar  variations  would  probably  be  found  in  the  states  of  Illinois 
and  Iowa. 


A  Method  op  distributing  Weather  Forecasts  bt  heaks  of 
Railways.    By  T.  C.  Mendenhall  of  Columbus,  Ohio. 

[.ABSTRACT.] 

This  system  has  only  been  in  operation  in  Ohio  for  about  a 
year.  To  distribute  forecasts,  we  place  signals  upon  the  sides  of 
the  baggage-cars,  as  distinct  as  possible  from  each  other,  so  as  to 
be  easily  recognized  at  considerable  distances,  and  also  to  convey 
as  much  meaning  as  possible,  so  as  to  predict  as  many  different 
conditions.    We  adopted  a  combination  of  form  and  color.    The 
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Bi^als  are  three  in  number  as  to  form^  and  two  in  number  as  to 
color.  The  red  signals  are  confined  to  predictions  as  to  tempera- 
ture,—  rise  in  temperature,  stationary  temperature,  falling  tem- 
perature. The  other  color  is  blue,  and  that  is  confined  to  predic- 
tions in  regard  to  the  general  state  of  the  weather.  The  question 
of  form  was  a  good  deal  considered,  and  three  forms  were  adopted. 
We  adopted  the  sun,  moon,  and  star,  because  everybody  was 
familiar  with  those  words.  We  experimented  with  the  triangle, 
and  finall}'  rejected  it.  The  device  for  attaching  to  the  car  is  due 
to  Mr.  Anderson,  who  has  been  in  the  service  of  the  board  of 
commissioners  for  the  past  year,  and  it  is  a  really  happy  device. 
The  signal  is  made  as  large  as  possible,  and  the  disk  can  be  seen 
a  long  distance.  The  red  sun  and  blue  moon  mean  higher  temper- 
ature and  general  rain.  The  crescent  means  lower  temperature ; 
the  full  disk  of  blue  means  general  rain ;  the  star  represents  local 
rains.  With  regard  to  the  proper  working  of  the  system,  tliough 
it  has  been  in  operation  but  a  short  time,  it  has  really  done  good 
work.  We  receive  special  telegrams  every  morning,  and  they  are 
transmitted  to  the  train-despatchers  at  five  o'clock.  We  are  as 
yet  operating  it  only  on  one  railroad.  It  happens,  fortunately,  that 
that  road  goes  through  an  agricultural  region  of  considerable  im- 
portance. It  is  the  road  connecting  the  cities  of  Columbus  and 
Cleveland.  ,Two  trains  start  out  in  the  morning,  at  the  middle 
point  between  those  cities.  The  signals  are  put  on  the  cars  at 
five  o'clock  in  the  morning ;  and  as  they  run  through  the  morning 
hours,  the  farmers  along  the  line  can  have  an  opportunity  of  see- 
ing them,  and  predicting  the  weather  for  the  day.  The  railway 
company  circulated  through  the  whole  line  little  cards,  having 
these  signals  displayed  in  colors,  with  their  meaning  in  every 
eombination.  This  helps  us,  because  it  enables  everybody  to  under- 
stand what  is  meant.  A  recent  communication  from  Gen.  Hazen 
indicates  a  disposition  on  the  part  of  the  general  government 
to  take  hold  of  the  matter,  and  bring  it  into  general  operation  as 
far  as  possible.  Postal-cards  have  been  sent  to  various  persons 
along  the  line,  with  questions  in  regard  to  the  practical  working 
of  the  system,  which  are  answered  and  sent  in  at  the  end  of  every 
week ;  and  we  find,  that,  on  the  average,  eighty  per  cent  of  the 
predictions  are  verified. 
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Plan  fob  a  State  Weather  Sebvice.    By  F,  E.  Nipheb  of  St. 
Louis,  Mo. 

[abstract.] 

While  a  good  many  are  accommodated  by  the  weather-signals 
which  Professor  Mendenhall  has  already  inaugurated,  many  live  a 
distance  from  the  railroad,  and  cannot  be  interested  in  a  scheme 
which  makes  it  necessary  to  travel  eight  or  ten  miles  t6  learn 
about  the  weather,  because  they  might  be  interested  in  a  different 
kind  of  weather  by  the  time  tliey  got  home.  The  information 
might  be  most  easily  circulated  by  telegraphing  fi-ora  picket-sta- 
tions to  the  westward.  There  might  be  a  line  of  stations  on  the 
railroad  north  and  south ;  and  stations  might  be  found  necessaiy 
in  Nebraska,  which  would  give  immediate  warning  to  the  central 
office  whenever  it  began  to  rain  at  the  station  ;  and  a  code  might 
be  arranged,  so  as  to  give  the  idea  of  the  operator  as  to  the  prob- 
able violence  or  duration  of  the  rain.  Of  course  it  would  be  nec- 
essary to  make  special  study  of  the  general  laws  for  the  progress 
of  summer  rains.  Supposing  the  information  is  telegraphed  to 
the  central  station,  the  predictions  can  easily  be  made  out  as 
soon  as  the  picket-stations  could  be  reached,  and  a  clear  idea  ob- 
tained as  to  the  probable  direction  of  the  storm,  and  the  time  at 
which  it  would  reach  the  different  portions  of  the  state.  That 
information  could  be  transmitted  by  the  railway  companies.  Fi- 
nally, we  should  make  more  intimate  connection  between  these 
and  private  telegraph-lines  which  can  be  constructed  by  the 
persons  who  are  to  be  served  with  the  weather  signals.  This 
plan  contemplates  the  erection  of  private  telegraph-lines  leading 
in  from  the  country  to  the  stations.  Upon  a  twenty-mile  line, 
which  would  be  a  frequent  length  in  Missouri,  ten  farmers  will 
have  to  pay  for  the  erection  of  a  couple  of  miles  of  wire,  which 
can  be  put  up  for  $30  a  mile,  and  the  instruments.  Some  person 
could  be  sent  from  the  vicinity  to  the  director  of  the  service,  and 
instructions  given  him  in  regard  to  the  manner  of  operating  the 
line  and  the  management  of  the  batteries.  The  cost  of  the  line, 
therefore,  to  each  farmer,  would  be,  say,  $75,  which  might  be  dis- 
tributed over  ten  3'ears.  Mr.  Nipher  stated  that  in  several  locali- 
ties the  farmers  will  undertake  it  just  as  soon  as  the  information 
can  be  furnished  them.  At  the  stations  the  lines  could  easily  be 
made  to  terminate  in  the  store  of  some  merchant,  who  is  anxious 
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to  secure  the  trade  of  the  people  on  the  line.  This  can  be  done 
at  once  in  Missouri.  The  only  thing  necessary  is  for  the  state 
to  appropriate  a  small  amount  of  money  to  supply  the  persons 
with  instruments  for  observations,  rain-gauges,  etc.  The  two 
things  necessary  to  make  it  successful  are  information  as  to  rain- 
fall, and  time  of  beginning  and  ending  of  rains. 


Ths  extension  of  the  Theorem  of  theYisial  to  Rotary  Os- 
ciiXATiON.    By  H.  T.  Eddy  of  Cincinnati,  Ohio. 


By  B.  F. 


'  A  METHOD  FOR  THE  CALIBRATION  OF  A  GALVANOMETER. 

Thomas  of  Columbia,  Mo. 

[ABSTRACT.] 

A  BATTERY  of  any  80i*t  is  joined  in  circuit  with  a  sensitive  gal* 
Tanoscope  J7,  a  galvanometer  G,  and  any  vaiiable  resistance  iS. 
When  the  circuit  is  closed  at  /f,  the  current  is  so  adjusted  by 
varying  -R,  as  to  give  the  highest  desirable  deflection  of  the 
galvanometer  needle.  The  needle  of  H  will  be  forced  against  the 
•tops.     By  means  of  magnets  m  and  m,  the  needle  of  H  is  brought 

FIO.  1. 


B   =. 


back  to  zero.  If  these  magnets  and  the  galvanoscope  be  undis* 
turbed,  the  original  current  strength  will  be  indicated  when  the 
needle  stands  at  zero,  whatever  changes  may  have  been  made  in 
the  circuit.    If  now  the  shunt  iS  be  connected  at  1,  2,  and  the  re- 
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Bistance  of  the  shunt  is  made  equal  to  that  of  the  galvanometer 
(previously  determined),  and  the  needle  of  H  brought  back  to  zero 
by  increasing  JK,  a  new  deflection  of  the  galvanometer  needle  will 
be  produced,  the  deflection  being  that  due  to  a  current  of  one-half 
the  strength  of  the  original  current.  By  giving  to  S  values  equal  to 
8,  3,2,1,  ^,  ^,  ^,  etc.,  times  the  resistance  of  G,  and  bringing  the 
needle  of  H  to  zero  each  time,  deflections  of  6  will  result,  due 
to  currents  whose  strength  are  as  1,  f ,  §,  ^,  j^,  ^,  j^,  etc.  The 
curve  is  then  plotted  with  deflections  and  cuiTent  strengths  as  co- 
ordinates. Any  desired  number  of  points  in  the  curve  may  be 
obtained  by  giving  S  the  proper  values.  The  calibration  may  be 
checked  by  making  a  new  adjustment  for  the  unit  current,  so 
that  the  deflection  of  G  shall  be^about  two-thirds  the  first  deflec- 
tion, and  proceeding  as  above.  Plotting  the  new  values  obtained,  * 
the  curves  will  coincide  if  the  work  is  correct.  If  it  be  found  de- 
sirable, the  battery  may  be  exchanged  for  another  during  the 
determination. 


Two  FORMS  OP  Apparatus  for  Boyle's  Law.    By  B.  F.  Thomas 
of  Columbia,  Mo. 

tABSTRACT.] 

These  pieces  are  intended  to  enable  one  to  adjust  with  accuracy 
and  ease  the  mass  of  air  to  be  experimented  upon. 

FIO.  1. 
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Fis  an  iron  cistern  into  which  the  open  or  pressure  tube  0,  the 


Digitized  by 


Google 


PHTSIC8. 


137 


closed  tube  (7,  and  the  reversible  air-syringe  S  are  screwed  air- 
tight, and  the  cistern  nearly  filled  with  mercury.  The  syringe 
being  connected  for  exhausting,  and  operated,  air  is  withdrawn 
from  Cy  until  the  mercury  sinks  to  the  bottom  of  the  open  tube, 
when  air  escapes  from  it,  and  rises  through  the  mercury.  No 
more  air  can  be  withdrawn  from  O.  The  mass  of  air  remaining  in 
C  will  evidently  depend  on  the  difference  in  depth  of  immersion 
of  C  and  O.  Let  d  =:  this  difference,  and  let  it  be  required  to 
find  such  a  value  of  d  as  will  permit  just  enough  air  to  remain  in 
C  to  fill  it  from  the  zero  of  the  scale,  when  at  atmospheric  pressure 
SI  Let  L  =  length  of  C  from  top  to  zero,  and  let  Z'  =  the  length 
from  zero  to  the  open  end  of  C.  If  now  the  mass  of  air  which 
will  fill  the  length  2  at  J?  be  expanded  to  fill  the  length  I  \  the 

HI 
pressure  H'  at  the  bottom  of  0  by  Boyle's  law  is  iZ'  =  . 

The  pressure  at  the  open  end  of  0  =  JJ.  The  difference  in 
pressure  at  the  ends  of  C  and  0  is  that  due  to  a  column  (d)  of 
mercury.     Ilendfe  H'  =i  II  —  d. 

Equating,  ^-d  =  .^-p^.   .  •  .  d  = -^-p^. 

On  reversing  the  syringe,  and  forcing  air  in,  the  mercury  will  be 
found  to  rise  and  stand  at  zero  in  both  tubes  together.  The 
demonstration  is  continued  by  forcing  in  more  air. 

A  second  foim  consists  of  two  glass  tubes  connected  by  a  strong 
rubber  tube,  and  mounted  on  a  stand  with 
scales.  The  closed  tube  G  is  sealed  into  the 
screw-cover  of  an  iron  cistern  D,  Mercury 
being  poured  in,  it  will  expel  the  air  in  Z>, 
and  rise  in  an  open  screw-hole  S  in  the  cover. 
The  bole  being  sealed  by  insertion  of  the 
screw,  and  0  lowered,  the  air  in  G  expands, 
filling  C  and  2).  On  raising  0,  the  mercui-y 
rises,  and  cuts  off  communication  between  G 
and  i>,  preventing  the  return  of  some  of  the 
air.  By  making  D  of  proper  volume,  the 
desired  mass  of  air  will  remain  in  (7.  Let 
the  volume  of  C  above  the  zero  =  F.  Let  the  entire  volume 
of  0=  F',  and  the  volume  of  D  above  the  open  end  of  C 
z=  V".  Following  the  above  steps  it  will  be  seen  that  a  volume 
F'  at  H  becomes  a  volume  V  +  F"  at  H' ;  also  that  a  volume 
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F  at  -H*  becomes  a  volume    V  at  H'.    Hence  the  proportion 

F  :   F'   : :   F'   :   P  +   F',  .  •  .   V"  =  {V  —  F)-^.  Theuse 

of  the  rubber  tube  is  not  new.  This  form  is  convenient  because  it 
answers  for  demonstrating  the  law  at  pressures  above  and  below 
one  atmosphere.  Of  course,  for  the  latter,  the  air  in  D  must  be 
removed  through  iS  as  at  first. 


A  Method  of  determining  the  Centre  op  Gravity  op  a  Mass» 
By  B.  F.  Thomas  of  Columbia,  Mo. 

lABSTRACT.] 

A  bar,  L  X,  is  balanced  on  a  knife-edge,  F,  so  as  to  form  a 
very  sensitive  balance.  The  body,  JB,  of  mass,  M^  is  placed  with 
a  marked  point  in  contact  with  a  fine  point,  d;  and  another  body 

no.  1. 


g-^ 


■I  \^ 


A         R  6  } 

of  mass,  W,  is  placed  at  ^,  so  as  to  nearly  balance  B.  A  small 
body  of  mass,  p,  is  placed  at  /S,  to  complete  equilibrium.  B  is 
then  rotated  180"  horizontally,  bringing  its  marked  spot  in  contact 
with  a  second  fixed  point,  e.  Equilibrium  is  restored  by  placing 
p  at  B,  The  equations  of  moments  in  the  two  positions  are,  re- 
spectively,— 

WX  AF  +  pX  SF=M{Fd  +  dc); 
(c  being  the  centre  of  gravity)  ;  and 

WX  AF  +  p  X  RF=zM(Fe  —  dc);  (ee  =  dc). 
Subtracting  the  first  equation  from  the  second, — 
pX  BS  =  M  (de  —  2  cd) ; 

2  2M     ' 

cd  is  therefore  the  distance  from  the  marked  spot  to  a  vertical 
plane  containing  the  centre  of  gravity.  Taking  a  second  marked 
spot  in  the  plane  thus  found,  the  operation  is  repeated,  with  the 
plane  horizontal.  This  gives  a  second  plane  through  the  centre 
of  gravity.  A  third  operation,  with  the  intersection  of  the  two 
planes  in  the  line  de,  locates  the  centre  of  gravity. 
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A  New  Heuostat.     By  B.  F.  Thomas  of  Columbia,  Mo. 


The  Kinetic  Theory  of  the  specific  Heat  of  Solids.*    By  II.  T. 
Eddt  of  Cincinnati,  Ohio. 

[ABaTRACT.»] 

This  paper  applies  to  molecules  of  solid  bodies  the  same  prin- 
ciples which  the  author  has  elsewhere  applied  to  gaseous  molecules 
as  to  the  distribution  of  vibratory  energy  among  the  different 
degrees  of  freedom  possible  to  the  molecules  of  a  solid  ;  and  in 
particular  it  attempts  to  show  that  if  the  chemical  atoms  of  all 
substances  are  formed  of  equal  and  similar  ultimate  atoms,  then 
systems  of  solids  which  are  in  thermal  equilibrium  by  radiation 
will  also  be  in  thermal  equilibrium  when  brought  into  contact,  i.  6., 
when  the  equilibrium  depends  upon  collisions  of  the  molecules. 


The  Kinetic  Theoby  of  Melting  and  Boiung^.  By  H.  T.  Eddy 
of  Cincinnati,  Ohio. 

[ABSTRACT.] 

This  paper  discusses  at  length  the  two  kinds  of  vibratory  motion 
which  the  molecule  of  a  solid  body  may  have,  rotary  and  translatory. 
It  demonstrates  that  the  mean  kinetic  energy  of  such  an  os« 
dilatory  motion  as  is  possible  for  a  molecule  of  a  solid  reaches  a 
maximum  value  which  can  only  decrease,  whether  the  amplitude 
of  the  oscillation  be  increased  or  diminished,  and  that  the  only 
way  in  which  it  is  possible  to  increase  the  mean  kinetic  energy  of 
this  kind  of  motion  is  to  impart  sufficient  additional  energy  to 
change  the  motion  into  one  of  complete  rotation.  By  such  a 
process,  greater  freedom  of  motion  is  given  to  the  molecules,  and  a 
large  amount  of  energy  becomes  potential.  This  is  regarded  as 
explaining  the  phenomenon  of  liquefaction. 

It  is  next  shown  by  an  extended  mathematical  discussion  of  the 
cohesive  forces  and  resistance  to  compression  by  which  molecules 

1  This  pnper  was  published  In  ftill  in  Science,  Sept.  28, 1883. 

sTbe  principal  oondaslons  in  this  paper  were  pnblished  in  the  Fi-auklin  Inst.  Jour* 
nal  for  July,  1883. 
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hold  each  other  at  mean  fixed  distances,  that  the  mean  kinetic 
energy  of  the  vibration  of  molecules  about  their  mean  positions 
also  has  a  maximum  value  which  can  only  be  increased  by  removing 
them  to  such  mutual  distances  that  the  cohesive  forces  no  longer  act 
In  this  process  a  large  amount  of  energy  also  becomes  potential. 
This  is  regarded  as  the  rationale  of  the*  phenomenon  of  vapor- 
ization. 

It  is  further  shown  that  on  tliis  theory  it  might  ver}'  readily 
occur  that  the  specific  heat  of  a  liquid  should  at  first  decrease 
and  then  increase,  as  Rowland  has  proved  is  the  case  with  water, 
but  that  the  specific  heat  could  not  at  last  decrease. 

The  cause  of  the  relatively  large  specific  heat  of  most  liquids  is 
treated.  It  is  shown  that  the  distribution  of  rotary  velocities 
in  free  rotation  such  as  the  molecules  of  a  liquid  are  supposed  on 
tills  theory  to  have  is  such  that  the  atoms  of  some  small  per  cent 
of  the  molecules  in  any  given  mass  must  be  torn  asunder.  What 
per  cent  of  the  liquid  may  be  thus  dissociated  will  depend  upon 
the  temperature  and  constitution  of  the  liquid,  it  being  smaller 
for  the  simpler  liquids  and  increasing  with  the  temperature. 
Electrolysis  is  an  evidence  of  this  action.  Such  dissociation 
sufficiently  accounts  for  the  generally  high  specific  heats  of  liquids. 

There  is  a  general  qualitative  accordance  of  the  theory  with 
observed  specific  heats.  A  further  confirmation  of  the  theory  is 
found  in  the  clear  explanation  it  afibrds  of  the  existence  of  a 
critical  temperature  above  which  a  vapor  is  incondensable  by 
pressure  alone ;  for  when  the  mean  kinetic  energy  of  all  the 
molecules  of  a  liquid  acquires  a  value  greater  than  the  maximum 
possible  in  a  liquid  state,  the  liquid  is  not  only  vai>orized  but 
necessarily  becomes  an  incondensable  gas  and  remains  so. 


Hem  ARKS  ON  the  Tracings  op  Self-registering  Instruments, 
AND  the  Value  op  the  Signal-service  Indications  for  Junb 
AND  July,  1883.1    By  Gustavus  Hinrichs  of  Iowa  City,  Mo. 

>  A  Short  notice  of  this  paper  is  given  in  Science,  Aug.  81, 1888,  p.  285. 


Digitized  by 


Google 


PHYSICS.  141 

The  Utilization  of  the  Sun*s  Rats  for  Warming  and  Ventila- 
ting Apartments.    By  E.  S.  Morse  of  Salem,  Mass. 

[ABSTRACT.] 

The  device  consists  jnainly  of  a  slaty  surface,  painted  black, 
standing  vertically  upon  a  wall,  outside  the  building,  with  flues  to 
conduct  warmed  air  to  the  inside.  The  slates  are  inserted  in  a 
groove,  much  as  one  might  place  glass  in  a  frame.  One  made 
within  the  last  year  was  three  feet  wide  and  eight  long.  It  was 
placed  where  it  received  the  sun's  rays  as  directly  as  practicable. 
Its  service  was  to  warm  a  room  used  for  a  library.  During  an 
entire  winter  the  room  was  thus  made  comfortable,  except  on  a 
few  of  the  coldest  days.  The  current  of  air  passing  through  it, 
when  the  sun's  rays  impinged  directly  upon  it,  was  raised  about 
80® ;  it  discharged  3,206  feet  of  warmed  air  in  an  hour.  This  was 
in  the  morning.  At  11.45  the  air  of  the  apartment  was  raised  29°, 
with  3,326  cubic  feet  of  air  dischai-ged ;  at  12.45,  29°  and  4,119 
feet;  at  1.55,  24°  and  3,062  feet;  at  2.45,  20°  and  1.299  feet. 
The  room  measured  20  X 14  and  was  ten  feet  high. 

The  apparatus  works  to  most  advantage  in  a  room  that  is  ven- 
tilated by  an  open  chimney.  But  some  very  good  results  have 
been  obtained  in  closed  rooms.  One  was  cited  where  the  air,  as 
it  entered  the  room  from  the  heater,  was  raised  to  nearly  40° 
above  the  outside  temperature.  In  general,  a  difference  of  30°  to 
35°  can  thus  be  secured  during  four  or  five  working  hours  of  the 
day. 


Natural  Snow  Balls,  or  Snow  Rollers.    By  Samuel  Hart  of 
'  Hartford,  Conn. 

Labstraot.] 

A  more  extended  example  of  "Natural  Snowballs"  or  "Snow 
Rollers"  than  has  yet  been  recorded  occurred  in  Connecticut  and 
soathem  Massachusetts  in  February  last.  Snow  had  fallen  on  the 
18th,  the  level  surface  of  which  had  been  covered  with  ta  crust  from 
the  freezing  of  a  drizzling  rain.  On  the  evening  of  the  20th,  a  light 
but  damp  snow  fell  quietly  upon  this  smooth  crust,  and  afterwards  a 
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light  wind  sprang  up  from  the  south.  In  the  morning  the  college 
campus,  the  city  park,  and  open  lots  in  every  direction  were  strewn 
with  masses  of  snow.  Some  were  spherical,  varying  in  diameter 
from  one  to  nine  or  more  inches ;  but  most  had  the  appearance  of 
large  old-fashioned  muffs,  of  the  shape  of  cylinders  with  a  con- 
ical depression  at  each  end  reaching  nearly  or  quite  to  the  middle. 
The  largest  of  these  latter  which  I  measured  was  eighteen  inches 
long  and  twelve  inches  in  diameter ;  and  some  were  reported  much 
larger.  The  path  which  each  left  behind  it  showed  how  it  had  been 
formed,  a  pellet  of  snow  having  been  started  by  the  wind  and 
having  gained  not  only  in  diameter  but  also  in  length  as  it  rolled  ; 
so  that  a  long  isosceles  triangle  of  snow  was  rolled  up  from  its 
vertex,  producing  the  peculiar  shape  just  described.  In  many 
cases  the  path  could  be  traced  for  twenty-five  or  thirty  feet,  and  in 
some  cases,  it  was  reported,  for  sixty  feet.  The  path  of  the  round 
balls  was,  of  course,  of  nearly  the  same  width  throughout.  The  di- 
rection of  most  of  the  paths  was  straight;  but  in  some  cases  the 
snow  had  been  carried  by  the  wind  in  different  directions,  while  oc- 
casionally it  had  been  blown  up  a  decided  incline.  The  snow  was 
not  at  all  closely  packed  ;  it  yielded  to  the  least  touch,  and  it  was 
impossible  to  move  one  of  the  masses  without  breaking  it. 

The  rollers  were  seen  on  the  Connecticut  river  and  along  its 
banks  for  some  forty  miles  below  Hartford,  as  far  north  as  Massa- 
chusetts, for  some  distance  on  the  east,  and  as  far  west  as  the 
Housatonic  valley.  It  seems  quite  within  limits  to  say  that  they 
were  spread  thickly  over  all  the  open  and  level  gi'ound  within  more 
than  2500  square  miles,  and  that  they  might  have  been  numbered  by 
millions. 


Tornado  at  Racine,  Wisconsin'.    By  P.  R.  Hoy  of  Racine,  Wis. 

[AB8T11ACT.] 

Friday,  May  18,  1883,  was  a  pleasant  day ;  a  slight  shower  of 
rain  occurred  soon  after  noon.  At  6.45  there  was  almost  continu- 
ous flashes  of  lightning,  in  the  west,  passing  from  a  dark  cloud 
comiijg  from  the  northwest  to  a  lighter  colored,  and  less  elevated 

>  The  paper  was  accompanied  by  maps  and  photographs,  illastrating  facts  relating 
to  the  tornado.  For  the  discussion  following  the  reading  of  this  paper,  see  Scibncb 
for  Aug.  SI,  p.  881. 
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cloud  movingrapidly  from  the  southwest,  accompanied  with  thunder ; 
these  two  clouds  appeared  to  meet,  producing  a  whirling,  boiling 
tumultuous  action,  accompanied  by  a  roar  not  unlike  the  passing 
of  a  heavy  train  of  cars  over  a  long  bridge.  The  tornado  passed 
the  track  of  the  C.  and  N.  W.  railroad,  at  just  7.10.  The  direc- 
tion of  the  tornado  wds  north  of  east ;  in  six  miles  the  storm 
advanced  north  If  miles.  Rain  and  hail  fell  over  an  area,  com- 
mencing 1^  miles  north  of  the  tornado,  and  extending  two  miles 
north.  Some  of  the  hailstones  were  unusually  large.  Caledonia 
Station,  on  the  St.  Paul  R.  R.,  two  miles  north  of  the  tornado  track, 
was  struck  by  lightning  at  6.45  p.  m.  at  the  time  of  tlie  hail-storm. 
The  temperature  of  the  atmosphere,  just  before  the  tornado  struck 
Racine,  was  64**.  Fifteen  minutes  after  it  had  passed  the  thermome- 
ter indicated  74® ;  this  rise  of  10°  in  so  short  a  time  was  remarkable 
at  that  late  hour.  The  barometer  marked  29  inches  at  an  elevation 
of  645  feet  above  the  sea-l«vel.  There  was  only  a  pleasant  breeze, 
rendering  it  comfortable  to  be  out-of-doors  at  the  time  the  tornado 
was  passing  1 J  miles  north  of  us.  No  rain  fell  in  Racine,  at  the 
time,  or  for  three  days  after  the  storm.  My  attention  was  called 
to  a  peculiar  odor  that  pervaded  the  atmosphere  soon  after  the 
tornado.  This  odor,  which  I  then  detected,  was  between  sulphur 
and  phosphorus ;  undoubtedly,  it  was  ozone,  resulting  from  elec- 
trical disturbance  that  filled  the  atmosphere  at  this  time.  It  is 
proved  that  the  onward  motion  was  not  more  than  thirty  miles  an 
hour,  many  families  gained  their  cellars,  and  safety,  after  they 
had  witnessed  the  destruction  of  houses  situated  not  over  twenty- 
five  rods  distant. 

The  gyratory  motion,  from  right  to  left,  is  the  principal,  if  not 
the  only,  factor  in  accounting  for  the  destruction  that  followed  in 
the  immediate  track  of  the  storm. 

The  width  of  the  tornado  path  was  from  ten  to  twenty  rods, 
occasional!}',  however,  much  narrower ;  it  was  not  straight  but 
oscillatory,  the  variations  being  from  300  to  600  feet  on  either  side 
of  a  straight  line.  Everything  was  thrown  towards  the  centre  of 
the  track ;  not  unfrequently  objects  on  the  outer  borders  were 
thrown  at  an  acute  angle  west  of  either  south  or  north,  against 
the  direction  of  the  advancing  storm.  Still  further,  just  beyond 
the  line  of  total  destruction,  houses  were  pulled  partly  off  their 
foundations ;  in  these  instances,  the  windows  were  thrown  out  on 
the  storm  side  towards  the  path  of  the  tornado. 
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There  were  ten  persons  killed,  all  of  whom  save  two  lived  near 
where  th^  storm  struck  the  city;  they  were  surprised,  not  being 
aware  of  its  approach.  All  were  saved  who  gained  their  cellars, 
with  one  exception,  that  of  a  family  living  in  a  brick  veneered 
h<m$ey  the  brick  falling  into  the  exposed  cellar,  killing  two  persons. 

When  the  tornado  passed  over  the  lake,  the  sight  was  grand 
indeed,  one  long  to  be  remembered ;  one,  probably  never  before 
seen,  for  this  is  the  only  instance  known  of  a  tornado  reaching 
Lake  Michigan. 

The  water  was  whirled  up  at  a  great  heigh t|  from  150  to  300 
feet ;  the  cloud  would  occasionally  rise  when  the  great  volume  of 
water  would  tumble  back  only  to  be  caught  up  in  a  moment  with 
redoubled  force.  "While  the  water  was  being  forced  up  in  the 
centre  by  the  whirling  vortex,  it  was  thrown  over  on  the  outside, 
thus  forming  irregularly  circular  cascades,  swashing,  splashing  and 
foaming,  in  the  wildest  confusion.  There  were  five  or  six  acces- 
sary "  water  spouts,"  some  of  which,  apparently,  revolved  around 
the  "  primaiy  whirl ;  *'  one  of  tiiese  passed  on  the  lake,  at  least  one 
half  mile  south  of  the  main  storm.  These  accessaries  were  by  no 
means  insignificant  either  in  size  or  force ;  only  by  comparison 
were  they  small.  I  saw  two  flashes  of  lightning  in  the  tornado- 
cloud,  while  it  was  passing  over  the  lake,  but^heard  no  thunder. 

The  storm  left  the  lake  covered  with  debris,  for  the  distance  of 
one  mile  from  the  shore.  There  was  no  well-formed  funnel-shaped 
cloud;  it  was  multiform,  and  resembled,  somewhat,  the  smoke 
from  a  large  factory  chimney,  when  the  condition  of  the  atmos- 
phere is  such  that  the  smoke  flows  over  with  whirling  motion 
towards  the  ground.  Imagine  one  hundred  such  columns,  closely 
packed  together,  minus  the  chimneys,  with  volumes  of  light-colored 
smoke  rising  rapidly  up  in  the  centre  with  a  gyratory  motion,  and 
you  have  a  feeble  representation  of  the  Racine  tornado  cloud. 


The  tornado  op  May  18,  1883.     By  Jno.  H.  Fbick  of  Warren- 
ton,  Mo. 
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Bbport  of  thb  Coxmitteb  on  Indkxingthe  Litebatubeof  Chemi- 
cal Elements. 

The  undersigned,  acommittee  appointed  at  the  Montreal  meeting 
of  the  American  Association  for  the  Advancement  of  Science,  "to 
devise  and  inaugurate  a  plan  for  the  proper  indexing  of  the  litera- 
ture of  the  chemical  elements,"  respectfully  submit  the  following 
report. 

The  members  have  conferred  with  each  other  orally  and  by  cor- 
respondence. Several  plans  have  been  suggested,  and  their  merits 
discussed.  Three  methods  of  collecting  material  for  the  indexes 
may  be  named : — 

1.  Reviewing  the  Catalogue  of  Scientific  Papers  published  by 
the  Royal  Society  (8  vols.  4to). 

2.  Indexing  special  journals  by  different  individuals,  and  col- 
lating the  matter. 

3.  The  independent  plan,  whereby  each  chemist  indexes  all  the 
journals  available  to  him  with  reference  to. a  given  element,  in 
which  he  is  presumably  especially  interested. 

Each  of  these  schemes  is  open  to  objections,  and  has  its  diffi- 
culties. The  first  would  necessitate  an  enormous  amount  of 
clerical  labor,  for  which  volunteers  would  scarcely  be  secured  ;  be- 
sides, data  previous  to  1800  could  not  be  obtained  fVom  this 
catalogue. 

The  second  involves,  also,  securing  a  large  number  of  self-sacri- 
ficing volunteers ;  and  both  plans  would  require  a  vast  amount  of 
editorial  work  on  the  part  of  this  committee. 

The  third  plan  seems,  to  a  majority  of  the  committee,  the  only 
feasible  one  at  present.  On  the  independent  plan,  seven  indexes 
have  already  been  compiled. 

(U7) 
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The  best  arrangement  of  material  has  also  been  consiaered; 
and  here  again  a  threefold  problem  occurs : — 

1.  Chronologically. 

2.  Alphabetically,  by  authors. 

3.  Topically. 

The  committee  do  not  venture  to  dictate  to  independent  workers, 
but  recommend  the  chronological  arrangement,  with  the  under- 
standing that  a  topical  index  accompany  each  monograph. 

The  best  channel  of  publication  has  also  been  considered  by  the 
committee.  All  the  indexes  hitherto  published  have  been  printed 
in  the  Annals  of  the  New  York  Academy  of  Sciences ;  and  the  Acad- 
emy has  generously  offered,  through  its  officers,  to  continue  its 
good  work.  The  Smithsonian  Institution  further  agrees  to  dis- 
tribute, free  of  expense,  all  circulars  and  documents  in  furtherance 
of  this  undertaking ;  an  offer  which  is  of  greatest  importance,  and 
for  which  this  committee  expresses  sincere  thanks.  • 

Since  the  appointment  of  the  committee,  Mr.  Webb's  Index  to 
the  Literature  of  Electrolysis  has  been  published  in  the  Annals  of 
the  New  York  Academy  of  Sciences ;  and  several  chemists  have 
expressed  a  willingness  to  co5perate  in  the  proposed  undertak- 
ing. Prof.  B.  B.  Warder  of  Cincinnati  has  promised  an  index  to 
the  literature  of  the  velocity  of  chemical  reactions ;  Dr.  Henry 
Leffmann  of  Philadelphia  proposes  to  index  the  important  element 
arsenic,  and  Professor  C.  £.  Munroe  offers  a  Bibliography  of  Ex- 
plosives. 

H.  C.  Bolton,  Cliairman;  Ira  Eemsen  ;  F  .  W.  Clarke  ;  A.  R. 
Leeds  ;  A.  A.  Julibn. 


On  the  Sub-aqueous  Dissociation  op  certain  Salts.    By  Johk 
W.  Langlet  and  Chas.  K.  McGeb  of  Ann  Arbor,  Mich. 

In  his  "  Lemons  sur  la  Dissociation**  (Paris  Chemical  Society, 
March  and  April,  1864),  Sainte-Claire  Devi  lie  directs  the  attention 
of  chemists  to  certain  properties  which  salts  in  solution  display : 
such  as  contraction  of  volume,  the  evolution  or  absorption  of 
heat,  variations  in  density,  etc.  But  he  paiticularly  calls  atten- 
tiou  to  some  of  the  chemical  changes  which  the  salt  appears  to 
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undergo  by  the  mere  fact  of  solution,  changes  which  increase  in 
amount  with  the  quantity  of  water  added  and  which  cause  the  salt 
to  act  finally,  rather  like  a  mere  mixture  of  its  components,  than 
like  a  compound  such  as  it  is  known  to  be  in  its  solid  state. 

Deville  considers  that  there  is  no  absolute  distinction  between 
solution  and  chemical  union ;  the  difference  is  one  of  degree  rather 
than  one  of  kind,  for  out  of  the  possible  unions  and  rearrange- 
ments between  atoms  and  molecules  which  are  embraced  in  the 
term  ''chemical  changes,"  some  are  synthetic,  some  analytic,  and 
some  partake  of  both  processes.  Now  in  Deville*s  mind  solution 
is  of  the  last  order ;  synthetic  and  analytic  changes  always  occur  in 
solution,  only  the  latter  is  the  predominant  one,  so  that  there  is 
absorption  of  heat  accompanying  contraction  of  volume  instead  of 
evolution  of  heat  as  would  be  expected  d  priori;  and  in  addition 
a  constant  tendency  for  the  salt  to  be  changed  to  simpler  compo- 
nents. 

Thus,  when  a  salt  is  dissolved  in  water  there  is  a  combination 
of  the  solid  with  the  whole  of  the  water,  but  at  the  same  time  the 
salt  undergoes  a  species  of  vaporization,  for  its  molecules  are  dis- 
tributed through  the  entire  mass  of  the  water,  and  consequently 
occupy  a  larger  amount  of  space,  just  as  a  vapor  would  do  if  pro- 
duced by  the  action  of  heat.  The  heat  units  necessary  to  perform 
this  vaporization  are  taken  from  surrounding  bodies,  and  are, 
therefore,  virtually  unlimited  in  amount;  now  as  the  heat  absorbed 
increases  with  the  degree  of  dilution,  the  quantity  will  finally  be- 
come sufficient  to  completely  dissociate  and  resolve,  even  into  its 
elements,  any  salt  when  dissolved  in  a  sufficiently  large  body  of  a 
neutral  solvent  such  as  water. 

We  have  here  briedy  recalled  Deville*s  theory  of  dissociation  as 
the  necessary  result  of  solution,  because  we  have  made  some  ex- 
periments in  one  limited  direction  which  were  suggested  to  us  by 
the  theory  in  question. 

Every  chemist  is  familiar  with  the  classic  researches  of  Gra- 
ham on  diffusion,  and  of  the  admirable  work  of  Berthelot  on 
thermo-chemistry,  and' of  the  bearing  on  Deville's  theory  of  solu- 
tion. We  have  applied  the  theory  to  account  for  the  changes  in 
the  degree  of  acidity  which  some  salts  display  when  dissolved. 

It  is  a  well-known  fact  that  many  salts  which  are  neutral  by  the- 
ory are  not  neutral  to  litmus  paper ;  for  instance,  cupric  sulphate 
in  solution  is  acid  to  litmus,  and  it  will  remain  acid  however  much 
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potassic  hydrate  may  be  added  to  it,  so  long  as  all  the  copper  is 
not  precipitated.  It  is  also  a  well-known  elementary  fact  that  cer- 
tain salts  whose  metals  form  very  feeble  bases  are  decomposed 
with  the  formation  of  basic  precipitates,  while  the  greater  part  of 
the  acid  is  found  in  the  liquid,  for  example,  bismuth  and  antimony 
chlorides. 

If  it  be  true  that  salts  tend  to  dissociate  when  dissolved,  and 
are  actually  decomposed  when  sufficiently  diluted,  we  should  ex- 
pect that  they  would  break  up  along  the  lines  of  least  resistance 
into  simpler  molecules  first,  and  ultimately  into  free  atoms.  Now 
when  water  is  present  we  may  take  three  views  of  the  condition  of 
the  salt.  We  may  suppose  it  to  be  merely  attached  to  the  water 
by  a  species  of  physical  adhesion,  the  salt  nucleus  remaining  un- 
changed when  the  quantity  of  water  is  very  small ;  or  second,  we 
may  consider  the  water  and  the  salt  to  be  united  into  a  new  gvoup 
which  acts  as  a  compound  molecule,  so  long  as  the  body  of  the 
solvent  is  so  small  that  the  amount  of  diffusion  is  negligeable. 
Then  for  sodic  sulphate  in  two  molecules  of  water  we  should  have, 
for  the  first  case  [Na2S04 ,2H20],  and  for  the  second  [2(NaOH), 
HgSOJ,  where  the  comma  indicates  a  molecular,  as  distinguished 
from  an  atomic,  union. 

Finally,  we  may  decline  to  theorize  about  the  initial  state  of  the 
salt  and  water,  and  consider  that  we  have  a  certain  quantity  of 
different  kinds  of  matter  held  momentarily  in  equilibrium  by  in- 
ternal and  external  forces,  but  which  will  form  definite  associa- 
tions with  each  other  whenever  the  external  forces  change.  On 
this  view  the  above  symbols  might  be  written  [Na2H4S06],  and  we 
should  have  no  theory  as  to  whether  the  Na  was  combined  with  H, 
with  S,  or  with  SO4. 

Researches  in  thermo-chemistry  tell  us  that  the  heat  of  combi- 
nation between  H2SO4  and  2NaOH  is  less  than  the  heat  of  forma- 
tion of  sodium  hydrate  starting  with  metallic  sodium  and  water, 
or  of  sulphuric  acid  starting  with  SO3  and  water.  The  line  of  least 
resistance  in  the  group  Na2H4S06  probably,  therefore,  passes 
through  the  comma  in  the  symbol  2(NaOH),  HjS04  and  indicates 
that  the  first  stage  of  dissociation  will  be  into  free  sodium  h3'drate 
and  free  sulphuric  acid.  The  general  theory  of  dissociation 
shows  also  that  this  change  will  be  only  partial  for  all  finite  ratios 
between  the  quantities  of  the  salt  and  the  water ;  it  should  first 
become  apparent  as  traces,  and  proceed  under  increasing  dilution 
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to  amonnts  of  free  acid  which  could  be  qnantitatively  esti- 
mated. 

When  antimony  or  bismuth  chlorides  are  diluted,  we  find  the 
metals  separating  from  the  liquid  as  insoluble  basic  chlorides, 
whose  action  on  litmus  paper  is  however  very  slight ;  that  is,  the 
basic  element  has  very  feeble  alkaline  characters.  On  the  other 
baud,  the  power  to  redden  litmus  possessed  by  the  mineral  acids 
H2SO4 ,  HCl  and  HNOj  is  very  marked  and  is  of  nearly  the  same 
intensity  in  the  three,  while  the  corresponding  power  to  blue  the 
litmus  possessed  by  the  hydrates  varies  greatly.  It  is  very  strong 
in  the  alkali  metals,  but  is  quite  feeble  in  metallic  hydrates  such  as 
those  of  zinc,  iron  and  copper.  If  then  a  salt  actually  separates 
partially  into  free  acid  and  free  base  when  dissolved,  and  if  the 
power  of  the  base  to  turn  litmus  blue  is  not  the  exact  quantitative 
counterpart  of  the  acid  to  turn  it  red,  there  must  necessarily  occur, 
with  differing  degrees  of  dilution  of  the  solution,  differing  powers 
of  coloring  litmus  possessed  by  any  salt,  even  if  it  were  perfectly 
neutral,  both  by  composition  and  to  litmus,  when  it  was  in  the  solid 
state. 

To  test  this  hypothesis  we  have  used  the  following  method  : 

Chemically  pure  salts  were  obtained  in  saturated  solutions. 
There  was  also  prepared  a  standard  solution  of  pure  sulphuric 
acid  containing  one  gramme  of  acid  to  the  litre  of  solution. 
And,  finally,  a  standard  solution  of  litmus  was  provided  which  was 
made  as  nearly  neutral  as  possible. 

Into  a  series  of  four  inch  test  tubes  were  introduced  -jVi  A^  i^<ri 
etc.,  c.'c.  of  this  standard  acid  and  each  of  them  then  diluted  with 
the  litmus  solution  to  ten  c.c.  The  tubes  consequently  gave  a 
series  of  red  tints  from  neutral  purple  to  decided  red.  Tube  No.  1 
contained  y^i^y, gramme  of  H8SO4 ;  No.  2,T<y§^ ;  No.  3,T^J^^,etc. 
These  quantities  were  added  to  amonnts  of  litmus  solution  which 
were  nearly  the  same,  being  the  quantity  necessary  to  complete 
the  volume  to  10  c.c.  (The  litmus  actually  ranged  from  9  c.c.  to 
9.9  c.c.) 

Saturated  solutions  of  each  of  the  following  salts  were  exam- 
ined: 

ZnS04  ,  CUSO4 ,  PbS04  ,  AgSO^  ,  CaSO^  ,  Na^^SO  ,  FeSO^  , 
HgS04 ,  MnSO^ ,  Al^CSOOa  ,  FcCSO^s  ,  ZnCl,. 

In  each  case  1  c.c.  of  the  salt  solution  was  introduced  with  a 


Digitized  by 


Google 


152  SECTION   C. 

test  tube  and  enough  litmas  solution  added  to  make  10  c.c.      The 
resulting  color  was  compared  with  the  scale  of  colors  made  with 


the  sulphuric  acid  by  looking  across  the  test  tubes.     10  c.c.  of 
litmus  solution  were  now  added  and  the  resulting  color  again  re- 
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corded  In  terms  of  the  color  scale.  Successive  dilutions  up  to 
100,  and  in  some  cases  up  to  400  c.c,  were  made  and  the  colors 
noted. 

Let  1  c.c.  of  some  salt  solution  be  diluted  with  litmus  to  10  c.c, 
and  let  the  color  produced  be  the  same  as  that  of  tube  No.  7. 
Evidently  xo^inr  gramme  of  H2SO4  is  equivalent  to  the  salt  in  its 
reddening  effect  on  litmus  solution.  If  now  we  dilute  the  salt 
solution  to  40  c.c.  and  find  that  it  gives  the  same  tint  as  tube  No. 
5,  it  is  evident  that  jt/yVrr  gramme  II2SO4  would  be  required  to  pro- 
duce the  same  reddening  effect  as  that  produced  by  the  salt;  for 
Vfhn  gramme  H,S04  is  needed  to  make  10  c.c.  equally  red,  and 
consequently  the  40  c.c.  of  the  diluted  salt  represent  four  times 
the  reddening  effect  of  -Yuicns  gramme  of  acid  in  10  c.c.  of  litmus. 
In  this  way  the  number  of  Y^siw  gramme  of  H2SO4  required  to  pro- 
duce the  same  reddening  effect  for  various  dilutions  of  each  salt 
is  found  and  represented  as  ordinates  in  the  curve. 

In  the  diagram,  the  numbers  on  the  horizontal  axis  indicate  the 
number  of  cubic  centimetres  to  which  one  centimetre  of  salt  solu- 
tion has  been  diluted  with  the  litmus  solution.  The  numbers  on 
the  vertical  axis  indicate  the  number  of  nr^ff  grammes  H0SO4 
which  could  be  substituted  in  place  of  the  salt  in  any  given  case 
and  have  the  same  reddening  effect. 

CaS04  and  Na2S04  acted  like  neutral  salts  and  did  not  change 
the  litmus  solution,  either  with  low  or  high  degrees  of  dilution. 

AgiS04  was  the  only  salt  found  to  change  the  solution  blue  in- 
stead of  red. 

Fe8(S04)s  and  FeS04  gave  no  reliable  results  on  account  of  a 
dirty  precipitate  which  prevented  all  color  tests.  Both,  how- 
ever, made  the  litmus  distinctly  red,  and  Fe2(S04)3  seemed  to  be  as 
acid  as  Al2(S04),. 

HgS04  was  made  by  drying  the  ciystals  of  ngS04  in  free 
H^04  upon  filter  paper  and  dissolving  as  much  as  possible  in 
water.  After  the  basic  mercuric  sulphate  had  settled  out,  the 
clear  solution  above  was  used  in  the  test.  Probably  the  curve  is 
simply  that  of  free  H8SO4. 

When  largely  diluted  Al2(S04)3  gave  a  precipitate  which  inter- 
fered somewhat  with  the  tests.  The  same  is  true  of  CUSO4. 
ZnCl,  could  not  be  examined  quantitatively  for  the  same  reason, 
although  it  reddened  the  litmus. 
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Much  difficulty  was  experienced  at  first  from  the  fact  that  the 
various  color  tubes  gradually  changed  back  to  a  neutral  tint  after 
standing  a  day  or  two.  If  a  tube,  to  which  acid  had  just  been 
added  and  mixed  by  stirring,  were  strongly  shaken  for  one  or  two 
minutes,  it  would  be  found  to  have  changed  sensibly  towards  a 
blue.  Owing  to  this  instability  of  color  the  standard  tints  were 
prepared  afresh  every  day  for  each  day's  work,  and  the  amount 
of  stirring  was  made  as  nearly  as  possible  alike  for  all  experi- 
ments. 

This  apparent  loss  of  acid,  shown  by  a  real  loss  of  red  colora- 
tion, is  probably  due  to  oxidation  which  seems  to  regenerate  the 
blue  color.  By  working  with  freshly  boiled  solutions  and  making 
the  mixtures  under  a  film  of  parafflne  oil,  the  change  of  color  was 
rendered  much  less,  and,  therefore,  we  have  little  doubt  that  the 
complete  exclusion  of  dissolved  oxygen  would  have  entirely  pre- 
vented the  change  of  tint. 

It  is  perhaps  hardly  legitimate  to  draw  general  conclusions 
from  a  limited  number  of  experiments,  especially  of  work  like 
this,  where  there  are  several  unknown  factors,  such  as  the  possible 
differential  attraction  of  the  coloring  matter  for  the  several  bases, 
etc.  Still,  taking  the  results  as  they  stand,  this  provisional  con- 
clusion may  be  drawn. 

First.  Sulphates  of  the  alkali  metals,  except  silver,  seem  to  be 
strictly  neutral  under  all  degrees  of  dilution. 

Second.  Sulphates  of  the  RSO4  t^^pe,  where  R  is  a  dyad  metal, 
show  an  amount  of  dissociation  which  is  in  proportion  to  the 
degree  of  dilution,  and  hence  their  curves  are  represented  by  a 
nearly  straight  line. 

Third.  Aluminic  sulphate  and  other  double  triads  are  not  neu- 
tral when  concentrated.  When  diluted  they  rapidly  become 
strongly  acid,  and  when  the  dilution  exceeds  a  certain  limit  they 
seem  to  lose  acid  at  a  decreasing  rate.  Hence  their  curves  are  not 
uniformly  straight  lines. 
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SUGOESTIONS  FOR  COMPUTING  THE  SpEED  OF  ChEMICAL   REACTIONS. 

By  RoBT.  B.  Warder  of  North  Bend,  Ohio. 
[abstract.] 

This  paper  urges  a  thorough  discussion  of  data  upon  the  subject 
indicated  in  its  title,  for  the  following  reasons:  1.  To  discover 
and  investigate  the  causes  of  certain  discrepancies  between  pub- 
lished observations  and  current  theories.  2.  To  obtain  more 
definite  information  as  to  the  nature  of  certain  reactions  and  the 
conditions  determining  their  speed.  3.  To  afford  numerical  data 
for  a  fuller  study  of  relations  between  the  speed  of  reactions  and 
other  physical  constants.  4.  To  suggest  fruitful  lines  for  further 
research  in  chemical  dynamics. 

As  instances  of  the  need  of  such  discussion,  in  the  determina- 
tions by  Professor  Menschutkin,  of  the  speed  and  limits  of  the 
etherification  of  the  several  alcohols  and  acida,  numbers  are 
given  for  the  *' initial  speed"  of  reaction,  which  express  the  aver- 
age speed  during  the  first  hour,  and  are  not  proportional  to  speeds 
during  the  ^rst  minute.  Prof.  L.  Meyer  in  his  Dynamik  der 
Atomen  passes  very  lightly  over  both  the  theory  and  the  observa- 
tions of  speed  during  a  reaction. 

The  prevalent  theory  of  the  action  of  mass  is  expressed  by  the 

equation,  ;t7-=  ^v,  in  which  the  differential  expresses  the  rate  of 

change  in  any  substance,  u  and  v  represent  the  masses  taking 
part  in  the  change,  and  k  is  a  constant.  Observations  by  Ost- 
wald  and  others  indicate  that  some  modifications  of  this  theory 
are  needed.  Determinations  of  the  speed  of  reaction  require 
special  care,  both  to  measure  time  in  relation  to  mass,  and  to 
control  temperature  and  other  conditions.  The  chemical  section 
of  the  Ohio  Mechanics'  Institute  has  recently  undertaken  some 
work  of  ttie  sort,  and  invites  cooperation.' 

The  following  provisional  system  of  units  is  suggested  :  for  vol- 
ume, one  cc. ;  for  mass,  the  chemical  equivalent  expressed  in  mg. ; 
and  for  time,  one  hour.  The  unit  of  speed  would  be  the  transforma- 
tion of  unit  of  each  active  body  per  unit  of  volume  and  time. 
Possibly  the  comparison  of  the  constants  of  speed  or  of  chemical 
afiSnitj  with  those  of  heat,  electricity,  etc.,  could  be  better  made 

>  Scl.  Proc.  O.  M.  I.    2.61. 
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from  the  unit  of  one  second  or  1,000  seconds.  At  least  two  ob- 
servations of  time  and  two  of  mass  are  required ;  and  preferably 
several,  to  determine  the  limits  of  error.  Determinations  which 
do  not  accord  with  the  hypothesis  that  the  speed  and  the  product 
of  active  masses  vary  in  the  same  ratio,  need  special  investigation. 
In  reciprocal  reactions,  some  of  the  ratios  derived  from  observa- 
tions on  chemical  equilibrium,  may  be  combined  with  constants  of 
speed  already  determined,  to  deduce  other  constants.  By  bringing 
all  the  facts  into  systematic  order,  these  data  can  be  made  of  use 
for  comparison  in  other  fields  of  physical  science. 

For  the  convenience  of  those  who  may  be  interested,  a  table  is 
here  given  of  some  of  the  papers  containing  or  discussing  deter- 
minations of  speed.  References  are  given  to  (JB.)  Jahresbericht 
der  Chemie  ;  (Ber.)  Berichte  deut.  chem.  Gesell. ;  (C.  S.  J.)  Jour- 
nal of  the  Chemical  Society ;  (P.  M.)  Philosophical  Magazine ; 
( J.p.  C.)  Journal  fiir  prak.  Chemie  ;  (A.  C.  J.)  American  Chemical 
Journal;  (Sci.  Proc.)  Scientific  Proceedings  of  the  Ohio  Me- 
chanics' Institute ;  and  (I.  A.  R.)  Indiana  Agricultural  Report. 
Some  of  the  papers  referred  to  have  only  an  indirect  bearing  on 
the  speed  of  reactions.  They  are  grouped  according  to  author 
and  subject,  and  placed  as  nearly  in  historical  order  as  consistent 
with  this  arrangement. 


WlTTWKR 

Bun  SEN  (and 

ROSCOE) 


JB.  1856,  172,  174 


Decomposition  of  water  by 
chlorine. 

H  +  CI  c=  HCl  under  the  in- 
flueuce  of  light.  "  Photo- 
chemical inductioQ  "  is  dis- 
cussed. 


A.  Baeyer 
Dkapeu 

Bertiielot  (and 
St.  Gilles) 


van*t  hofp 
Mknscuutkin 


Br  and  milk  sugar. 
Reduction  or  ferric  oxalate. 
Etheriflcation,  etc 


1855,  173 
185G,  185 
1857,  87,  48,  49 
1859,  82 
1857,  48 
1857,  61 

1861,  691 

1862,  886 
««     1803,  458,  468 
*•     1877,  26,  88,  89 

"     1878,10,14,15,613 
*'     1880,  88,  85 
Ber.  10, 669  "  «« 

JB.  1877, 821  ••  " 

**     1878,  513,  688 
«*     1879,  818,  814 
"     1880,  881,  600,  762,  816 
"     1881,  15 
Ber.  16,  162,  248,  721,  1446, 
1572 
«•    16,1615,2287,2602        Acetanlllde.    [Compare     L. 

Meyer,  Ber.  16, 1977.] 
"    16,2512,2788  Tertiary  amyl  acetate.  [Com- 

pare Warder,  Sol.  Proc  2, 
2] 
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Harcoubt  (and  JB.  1864,  9 

Esson)  ««     ]8G6,  10 

"     1867,  28 

Miss  Rekd  '«     1875,  14 

GuLDBBRo  and      "    1866,  15 

Waagb  "     1879,  22 


Qladstomb  (and  *• 

Tribe)  " 

Lkmoinb  " 


Buchanan 
Jackson 


Ber. 
JB. 


A.C.J. 
G.  C.  Thompson  JB. 
Hkll  (and  " 

Ubbcu) 


Ubech 


Lbcds 

LUNGB 
DCTNN 

BoousKiand 

Ka  JAN  DEB 

Eajandkb 
Pawlewski 

OSTWALD 


Bcr. 

n 

JB. 

•t 

Ber. 
«< 

t< 

t( 

JB. 


1871,  18,  16,  16 
1875,  14 
]871,  117 

1875,  92 
1871,  115,  also 
4fv863 

1879,  840 

1880,  482 
3,252 

1879,  694 

1880,  768 

16,  278,  987 
16,  1144 
1880,  886,  697 
1880,  1021 

15,  2130,  2467 

16,  762 
14,  340 
16,  2685 

1876,  165,  166 

1876,  18 

1877,  80 


M THR  (and 
others) 


••   18»I 
J.p.C.  [2]  ! 


Wrwht  (and 
others) 


Oxidation  of  C,  H,  0^  by  K, 
MuiO^and  of  Hit  by  Ht  Ot. 


I  General  theory,  with  numer- 
ous Illustrations  and  deduc- 
tions. 
Replacement  of  metal  in  salts. 
Metathesis  of  salts. 

H  4- 1  ™  HI  and  the  reverse. 

Halogens,  and  carbon  com- 
pounds. 
[Compare  Urech.] 


'  Br  etc.    Isobutyl  aldehyde. 
"^  Inversion    of    cane     sugar. 
[Compare  Warder.] 


I 


1876,  12 

1880,  11 

1881,  24,  211 
1880,  11 
1876,  11 

1876,  23 

1877,  28,  1088 

1878,  27 

1879,  24,  25 

1880,  8 

1881,  11,  12 
26,  1,  458 
26,  884 

.  .  27,  1 
JB.  1877,  19,  27 

"     1879,  21 

"     1880.  10 
Ber.  14,  858,  860 

"    16,394,895,921,958 
C.S.J.  89,  21 
JB.  1877,91 

•*     1878,  232,  284 

••     1879,  27 

**     1880,  7,  85,  151 

"    1881, 91 


Cu  S  O4  and  glucose. 
Reduction  of  Ag  NO,. 
>  Action  retarded  by  indiffer- 
J     ent     bodies.       [Compare 
Hood.] 
Solution  of  Ca  COt  etc.    in 
acids. 


Bi  Clt  4-  Hi  O.      [Compare 

Muir.] 
Volame-chemical  studies 


!  Decomposition  of  acetamide. 
Abstract  in  Sci.  Proc.  2,  44. 

Bl  Clt-f-Hi  0.     [Compare 
Ostwald.] 


Chemical  affinity  and  electro- 
motive force. 
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Hood 

JB.  1878,  16 
'*     1879, 21 
P.M.  [6]  13,  419 

Kills  (and 
others) 

POTIUTZIN 

P.R.S.  28,  268,  270,  278,  or 
C.S.J.  38,437,  438,  458 

JB.  1879,29 
"     1881,  12,  16 

Ber.  15,  918,  6099 

Bbketow 

VlLLIERS 

JB.  1881,  14 

Ber.  16,  775 

JB.  1880,  381,  595 

Beamer  and           "     1880,  906,  or 

Claiuce         A.C.J.  2,  820 
Waudbr              Ber.  14,  1301 
A.C.J.  3,  55,  340 
Proc.  A.A.A.S.  30,  70 

Sci.  Proc.  1,  105,  166,  167 
2,  2, 
Science  2»  176 
HiBAN                   JB.  1881,665,666 

Huston 

I.A.R.  1882,  230 

Calm 
Bbnz 
Spindler 

Ber.  15,  609 
**    16,8                              ; 
**    16,1262 

Retarding  inflaence  of  salts. 
[Compare  Lunge  and 
Dunn.] 


Metathesis, 
ketow.] 


[Compare  Be- 


Etheriflcation     of      mineral 

acids. 
Decomposition    of    organic 

salts  by  beat. 
C«H.O-CiH«0  +  NaOH. 


Dissociation  of  brass. 

Decomp.  of  formates  and 
acetates. 

Citrate  on  reverted  phos- 
phate. See  Sci.  Pi-o.  2, 134. 

>  Naphtylamine  and  diuaphty- 

>  lamine. 
Nitrification  of  benzol. 


American  Bdtters  and  their  Adulterations.     By  H.  W.  Wilet 
of  Washington,  D.  C. 

lABSTBACr.] 

A  series  of  elaborate  experiments  and  Ifcnal3'se3  of  various- 
samples  of  butter,  oleomargarine,  tallow,  and  lard,  has  been 
made  by  the  author.  The  paper,  which  will  be  printed  in  full  in 
the  report  of  the  Commissioner  of  the  United  States  Depart- 
ment of  Agiiculture,  contained  a  description  of  the  methods 
employed  by  the  author.  He  takes  a  weighed  quantity  of 
the  butter,  puts  it  in  a  sand-bath,  and  dries  for  two  hours  at 
100®.  The  curd  or  caseine  is  determined  by  ignition  :  five  grammes 
are  used  for  the  purpose.  Dry  combustion  in  a  tube  is  difiScult 
and  unsatisfactory :  he  therefore  uses  the  moist-combustion  meth- 
od, with  permanganate  and  nesslerizing.  The  amount  of  salt  he 
considers  important.    It  is  usually  determined  by  ignition,  and 
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weighing  the  residae ;  but  he  found  that  so  much  chlorine  was 
thereby  lost,  that  the  result  was  not  trustworthy.  He  washes  the 
butter  by  shaking  it  in  a  separating  funnel  with  hot  water,  and 
then  determines  the  chlorine  with  standard  silver  nitrate  and  po- 
tassium bichromate  as  an  indicator. 

Several  novelties  were  devised  for  these  analyses.  One  is  for 
ascertaining  the  melting-point.  The  butter  is  packed  in  a  U-shaped 
tube,  of  which  one  leg  is  longer  than  the  other.  The  tube  is  placed 
upright  in  a  vessel  containing  sufficient  mercury  to  overflow  the 
top  of  the  tube.  This  vessel  is  placed  in  another  containing  water, 
and  heat  is  applied  beneath.  The  water,  heated,  in  turn  heats  the 
mercury  surrounding  the  tube,  until  the  contents  of  the  tube  are 
melted.  As  soon  as  the  melting  takes  place,  the  melted  material 
leaves  the  tube,  and  floats  on  the  surface  of  the  mercury.  An- 
other method  consisted  in  laying  platinum  wires  upon  the  sample 
of  butter,  etc.,  heating  the  wires,  and  noting  the  heat  required  to 
cause  them  to  disappear  by  sinking  into  the  sample.  These 
methods  determined  not  only  the  melting-point  of  samples  of 
butter,  oleomargarine,  tallow,  and  lard,  but  also  of  the  fatty 
acids.  But  the  variations  in  the  melting  point  of  genuine  butter 
are  so  wide,  that  no  certain  conclusion  can  be  arrived  at  by  com- 
parison with  melting-point  of  oleomargarine,  etc.,  to  test  the 
question  of  genuineness.  Thus  it  was  found  that  flrst-rate  butter 
from  an  Alderney  cow  at  one  time,  owing  to  special  feeding,  had 
a  higher  melting-point  than  oleomargarine;  while  a  few  weeks 
later,  with  different  food,  the  same  cow  supplied  milk  from  which 
was  made  butter  with  a  lower  melting-point  than  oleomargarine. 

In  regard  to  other  tests,  concerning  which  full  details  were 
given  in  the  paper,  it  may  be  briefly  stated,  that,  as  a  general 
rule,  the  amount  of  caseine  present  in  pure  butter  is  much  greater 
than  in  oleomargai'ine.  The  specific  gravity  of  genuine  butter  is 
higher.  The  saturation  coefficient  for  the  Insoluble  acids  in  the 
genuine  butter*  is  low,  in  the  imitations  it  is  high.  The  author 
placed  more  reliance  on  tests  for  saturation  coefficient  than  on 
other  methods.  The  soluble  fatty  acids  in  pure  butter  range  from 
three  to  five  per  cent;  while  in  oleomargarine,  tallow,  etc.,  they 
are  either  absent,  or  show  a  mere  trace.  The  author  also  called 
attention  to  polarization  tests.  The  genuine  butter  gives  a  uni- 
form field  in  polarized  light:  oleomargarine  gives  a  field  with 
mottled  and  crystalline  structure.    He  had  made  no  analysis  of 
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batter  known  or  saspected  to  be  adulterated  by  mixture.  He  con- 
sidered it  UQwise  to  decide  the  question  of  genuineness  from  any 
one  of  the  constituents  or  conditions  of  a  sample ;  believing  that 
all  the  different  tests  should  be  brought  to  bear.  He  presented 
elaborate  tables  of  analyses  of  different  kinds  of  butter,  etc. ; 
specifying  for  each  the  place  of  purchase,  name  sold  by,  price, 
color,  percentage  of  water,  of  caseine,  of  salt,  specific  gravity  at 
40°,  melting  and  solidifying  points,  percentage  of  soluble  and  of 
insoluble  acids,  and  the  melting  and  solidifying  points  and  the 
saturation  equivalent  of  the  insoluble  acids. 


On V-DICHLORDIBROM PROPIONIC  AND  /^DICHLORBROMACRTLIC  ACIDS. 

By  C.  F.  Mabery  of  Cleveland,  Ohio,  and  H.  H.  Nicholson 
of  Lincoln,  Neb. 

[ABSTRACT.] 

When  dry  chlorine  is  passed  through  /9-  dibromacrylic  acid,  the 
reaction  is  easily  accomplished,  and  the  product  may  be  purified 
without  difllculty  by  crystallization  from  carbonic  disulphide. 
This  acid  is  very  sparingly  soluble  in  water,  more  soluble  in  hot 
than  la  cold  carbonic  disulphide  and  chloroform.  It  melts  at 
100°.  Its  salts  were  carefully  studied,  but  the  silver  salt  was 
found  so  unstable  that  it  could  not  be  prepared  in  a  state  of  pur> 
ity.     Since  ^S-dibromacrylic   acid  has,  without  doubt,  the  form 

CBr, 

II 
CH      ,  the  chlorine  addition  product  would  have 

I 

COOH  . 

CBr.Cl 

I 
the  form  CHCI    .    This  acid  is  entirely  decomposed 

I 
COOH 

when  heated  with  an  excess  of  any  alkaline  hydrate.     If,  however, 
the  reaction  is  allowed  to  progress  in  the  cold,  keeping  the  hydrate 
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in  slight  excess,  the  elements  of  hydrobromic  acid  are  easily  re- 
moved, with  the  formation  of  the  corresponding  dichlorbroma- 
crylic  acid.  In  order  to  distinguish  this  from  two  other  products 
which  have  already  been  obtained,  it  will  be  called  the  T^acid.  It  is 
prepared  by  the  action  of  baric  hydrate  upon  ^'-dichlordibromprop- 
ionic  acid,  and  the  reaction  proceeds  so  rapidly  that  it  is  difficult 
to  keep  the  solution  alkaline.  Upon  acidifying  the  baric  hydrate 
solution  with  hydrochloric  acid,  ^'-dichlorbromacryllc  acid  is 
precipitated  partly  as  a  crystalline  solid,  and  is  easily  purified  by 
crystallization  firom  hot  water.  It  is  sparingly  soluble  in  cold, 
readily  in  hot  water,  and  readily  soluble  in  alcohol,  ether,  carbonic 
disulphide,  and  chloroform.  It  crystallizes  in  pearly  white  scales, 
which  melt  at  78**  to  80**.  For  further  identification,  the  acid  was 
analyzed,  and  its  salts  submitted  to  careful  study. 


On  the  Forhation  and  Constitution  of  Chlordibromac^tlio 
Acid.  By  C.  F.  Mabert  of  Cleveland,  Ohio,  and  Rachel 
Llotd  of  Louisville,  Ky. 

[ABSTRACT.]  % 

In  a  paper  published  in  the  Proceedings  of  the  American  Acad- 
emy of  Arts  and  Sciences,  vol.  xviii,  p.  41,  F.  C.  Robinson  and 
one  of  us  (C.  F.  M.)  mentioned  certain  experiments  in  which  we 
had  tried  to  obtain  an  addition-product  of  brompropiolic  acid 
with  chlorinemonobromidc.  Although  the  results  then  obtained 
were  not  of  an  encouraging  nature,  it  nevertheless  seemed  possible 
to  obtain  the  desired  product.  On  again  taking  up  the  subject 
the  importance  of  obtaining  chlorinemonobromide  absolutely  free 
from  any  excess  of  bromine  was  evident,  inasmuch  as  a  small  quan- 
tity of  free  bromine  would  form  tiibromaciylic  acid  which  could 
not  be  separated  from  the  product  by  crystallization.  After 
several  trials  it  was  found  that,  if  chlorine  was  passed  into  bro- 
mine cooled  to  0°  until  the  latter  was  saturated,  the  product  dis- 
solved in  chloroform  and  this  solution  saturated  at  0**,  no  appre- 
ciable amount  of  tribromacrylic  acid  was  formed  when  brompropi- 
olic acid  was  added  to  it. 

▲.  A.  A.  6.,  VOL.  xxxn.  11 
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The  acid  was  added  slowly,  keeping  the  chlorinemonobromide 
in  excess,  and  this  solution  allowed  to  stand  for  some  time. 
Evaporation  of  the  chloroform  left  a  solid  residue  which  was  easily 
purified  by  crystallization  from  hot  water. 

This  substance  melts  at  104®,  and  is  sparingly  soluble  in  cold, 
more  so  in  hot,  water  and  carbonic  disulphide,  and  quite  soluble  in 
chloroform.  By  slow  evaporation  it  separates  from  a  solution  in 
carbonic  disulphide  in  triclinic  prisms  which  have  been  submitted 
to  a  careful  study  by  Mr.  O.  W.  Huntington. 

The  composition  of  this  acid  was  determined  by  analysis,  and 
it  was  further  characterized  by  a  study  of  its  salts  and  a  determi- 
nation of  its  solubility  in  cold  water. 

The  following  salts  were  examined : 

Argentic  chlordibromacrylate,  AgC3ClBr202. 
Rhombic  plates,  permanent  in  diffuse  daylight. 
Baric  chlordibromacrylate,  Ba(C3ClBr202)2  .     SHjO. 
Calcic  chlordibromacrylate,  Ca(C8ClBr202)2  .     2^H20. 
Potassic  chlordibromacrylate  KCaClBrgOj. 

The  potassium  salt  was  so  deliquescent  that  its  crystal  water 
could  not  be  determined.  As  a  mean  of  two  determinations  the 
solubility  of  the  acid  in  water  at  20**  was  found  to  be  expressed 
by  the  percentage  5.74. 

Although  previous  experiments  have  shown  (Proc.  Amer.  Acad., 
vol.  xvii,  209,  and  vol.  xviii,  45)  that  chlortribrompropionic 
acid,  like  other  substituted  propionic  acids  containing  several 
halogen  atoms,  is  readily  decomposed  when  heated  with  baric  hy- 
drate in  aqueous  solution,  when  the  action  takes  place  in  the 
cold  in  a  slightly  alkaline  solution,  the  elements  of  hydrobromic 
acid  are  easily  removed  with  the  formation  of  a  chlordibromacrylic 
acid.  We,  therefore,  took  advantage  of  this  reaction  to  compare 
the  resulting  product  with  the  addition-product  above  mentioned 
of  brompropiolic  acid.  The  object  of  this  comparison  was  to 
establish  the  constitution  of  the  chlordibromacrylic  acid  and  thus 
detenmine  the  manner  in  which  the  elements  of  chlorinemono- 
bromide united  with  brompropiolic  acid.  Chlortribromproprionic 
acid  was  allowed  to  stand  for  two  days  with  baric  hydrate 
in  aqueous  solution,  sufficiently  in  excess  to  give  a  distinct  alka- 
line reaction.  On  acidifying  with  Jiydrochloric  acid,  an  oil  was 
precipitated  which  soon  solidified  and  more  of  the  acid  was  ob- 
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tained  by  extracting  the  solution  with  ether.  The  product  was 
purified  by  crystallization  from  hot  water  in  which  it  is  much  more 
soluble  than  in  cold.  From  carbonic  disulphide  it  crystallizes  in 
rhombic  prisms  which  melt  at  99^.  Its  identity  was  established 
by  analyses,  and  several  of  its  salts  were  made  and  analyzed. 

The  sliver  salt  proved  to  be  so  unstable  that  it  could  not  be 
prepared  in  a  form  suflSciently  pure  for  analysis. 

Baric  chlordibromacrylate,  Ba(C8ClBr202)2  •  SHjO. 

Calcic  chlordibromacrylate,  CaCCjClBrjOa)^  •  4HsO* 

Potassic  chlordibromacrylate,  KCsClBrjOs. 

The  latter  salt  was  so  deliquescent,  its  water  of  crystallization 
could  not  be  determined. 

Two  determinations  of  the  solubility  of  this  acid  in  water  at  20* 
gave  as  a  mean  the  percentage  2.60. 

A  diflTerence  in  structure  of  the  acid  obtained  by  the  two  meth- 
ods seems  to  be  fully  established  by  the  different  melting  points, 
the  wide  difference  in  stability  of  the  silver  salts,  and  the  different 
degrees  of  solubility  in  cold  water.    If  the  structure 

CClBr, 

I 
CHB,        assigned  to  chlortribromacrylic  acid  (Proc.  Amer.  Acad., 

I 

COOH 

Tol.  xviii,  46)  is  correct,  eliminating  the  elements  of  hydrobromic 

acid  mast  of  necessity  give  an  acid  of  the  form 

CClBr 

II 

CBr.  Chlorinemonobromide  can  combine  with  brompropiolic 

I 

COOH 

acid  in  one  of  two  ways : 

(I)  (H) 

CBr  CCiBr  CBr, 

III  I  I 

C      +ClBr  =  CBr        or         CCl 

i  I  I 

COOH  COOH  COOH 

Brompropiolic  acid.  Chlordibromacrylic  acid 

The  first  form  (1)  is  identical  with  that  of  the  acid  obtained 

from  cblortribrompropionic. 
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Since  the  two  prodncts  have  been  shown  to  be  essentially  dif- 
ferent in  their  properties,  the  second  form  (II)  seems  more  prob- 
able for  the  addition-product  obtained  with  chlorinemonobromide. 
If  this  view  is  correct,  it  follows  that  in  this  reaction  the  weaker 
halogen  unites  with  the  terminal  carbon  atom 


On  Orthoiodtoluolsulfonio  Actv.    By  C.  F.  Mabebt  of  Cleve- 
land, Ohio,  and  6.  M.  Palmer  of  Cambridge,  Mass. 

[ABSTRACT.] 

When  sulphuric  anhydride  in  small  excess  is  added  gradually 
to  orthoiodtoluol,  chemical  reaction  immediately  ensues  as  shown 
by  a  rapid  development  of  heat. 

This  reaction  is  probably  expressed  by  the  equation : 
CeHJoCH,  +  SO3  =  CeHjIoCHaSOjOH. 

The  resulting  product  was  converted  into  the  barium  salt  by 
treating  it  with  an  excess  of  baric  carbonate  after  diluting  with 
water,  the  solution  filtered  and  concentrated  by  evaporation.  On 
cooling,  the  barium  salt  crystallized  in  clusters  of  flat  prisms  or 
needles  which  were  rather  sparingly  soluble  in  hot  water,  much  less 
so  in  cold.  It  was  purified  by  successive  crystallizations  from  hot 
water  and  the  water  of  crystallization  determined  at  100**.  A 
dcterniination  of  barium  in  the  anhydrous  salt  gave  the  formula 
Ba(C7HeIS03)2,  or  for  the  hydrous  salt  Ba(C7HeIS03)2.1iH,0. 
On  evaporating  the  mother  liquors  of  the  several  crystallizations 
a  salt  was  deposited  which  difi*ered  somewhat  in  form  from  the 
first,  but  it  was  found  to  contain  the  same  percentage  of  crystal 
water. 

The  free  acid  was  prepared  from  the  barium  salt  by  pre- 
cipitation with  sulphuric  acid.  When  the  water  was  removed  by 
evaporation,  and  the  residue  allowed  to  stand  over  sulphuric  acid, 
the  sulphonic  acid  became  a  thick  syrupy  liquid  which  refused  to 
crystallize. 

From  the  free  acid  the  following  salts  were  prepared. 

Plumbic  orthoiodtoluolsulphonate,  Pb(CyH,ISOs).2H20. 

Calcic  orthoiodtoluolsulphonate,  Ca(C7HJS08).2^H,0. 

Argentic  orthoiodtoluolsulphonate,  AgCyHJSOj. 

We  did  not  succeed  in  identifying  a  second  acid,  either  in  the 
mother  liquors  of  the  barium  salt  or  in  the  fvee  acid  itself. 
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The  Composition  of  Amkiucan  Wheat  and  Cobk.    By  Clifford 
RiCHABDSON  of  Washington,  D.  C. 

[abstract.] 

This  paper  gave  an  account  of  results  obtained  by  the  author  in 
his  work  for  the  U.  S.  department  of  agriculture,  and  the  paper 
will  ap|>ear  in  full  in  the  Report  of  the  Commissioner  of  the  De- 
partment. More  than  200  analyses  of  wheat,  and  100  of  corn, 
have  been  made  during  the  last  two  years  under  his  supervision. 
It  appears  Uiat  while  our  wheats  are  of  somewhat  lighter  weight, 
they  contain  less  water,  about  the  same  ash,  more  oil,  less  fibre, 
and  less  albumen,  than  the  foreign  wheats.  Among  our  wheats, 
only  those  from  Colorado,  Dakota,  and  Minnesota,  equal  the  £ni*o- 
pean  in  albuminoids  and  in  size  of  grain.  The  wheats  of  the  Atlan- 
tic states  are  poor  in  nitrogen.  Corn,  compared  with  wheat, 
contains  twice  as  much  oil,  less  starch,  more  water  and  fibre,  and 
lessofalbaminoids.  The  following  table  gives  a  condensed  state- 
ment of  the  analyses : — 
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The  Sotol,  a  Mexican  Foraqb  Plant.    By  Clifford  Rich- 
AEDSON  of  Washington,  D.  C. 

[ABSTRACT.] 

This  plant,  Dasylirion  Texanum,  grows  wild  and  extensively 
on  the  borders  of  the  Rio  Grande  and  elsewhere  in  Texas,  and  in 
Mexico,  on  a  rocky  and  gravelly  soil.  The  plains  covered  with 
it  look  like  a  yast  cabbage-field.  Sheep  feeding  on  it  go  without 
water  for  many  weeks.  Only  the  bulb  is  eaten.  It  is  split  open 
by  the  shepherd,  who  carries  a  knife  for  the  purpose.  Mexicans 
eat  the  bulb  after  roasting  or  baking  it  in  bits.  Also  a  liquor  is 
obtained  from  it,  by  fermenting  and  distilling  after  roasting, 
called  ''sotol  mescal,''  and  possessed  of  highly  intoxicating 
powers. 

The  plant  is  described  in  Watson's  Revision  of  the  North- 
American  Liliaceae.  About  18  per  cent  of  sugar  can  be  obtained 
f^om  the  outer  husks ;  in  the  interior,  more  than  10.5  per  cent 
exists;  and  in  the  whole  head  of  the  plant  there  is  probably 
more  than  15.5  per  cent  of  sugars.  No  starch  seems  to  be  pres- 
ent. 

A  proximate  analysis  of  the  soft  interior  of  the  head  gave  17 
per  cent  sugars :  62  per  cent  of  this  soft  substance  in  the  head, 
when  fresh,  is  water. 

As  a  food-plant  in  dry  districts,  the  sotol  is  of  great  value ;  as 
a  fibre-producing  plant,  it  will  not  be  of  any  importance,  owing 
to  the  shortness  of  the  cells.^ 


Twelve  months  of  ltsimeter  Record  at  the  New  Tore  Agri- 
cultural Experiment  Station.  By  E.  L.  Sturtevant  of 
Geneva,  N.  Y. 

[ABSTRACT.] 

The  lysimeters  were  described.    They  are  boxes  of  peculiar  con- 
struction, containing  the  soil  in  its  natural  position.    The  rel- 

1  ThiB  paper  wiU  be  printed  in  ftiU  in  the  Report  of  the  U.  S.  Dept.  of  Agricaltnie. 
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ative  percolation  of  rainfall  through  these  different  Boils,  and  the 
evaporation,  are  determined  by  observations  of  the  instrument. 
The  results  are  summarized  as  follows:  sod  land  allowed  11.68 
of  the  rainfall  to  percolate ;  soil  of  which  the  surface  was  simply 
bared  allowed  25.88  per  cent  percolation;  the  cultivated  soil 
passed  87.93  per  cent.  The  evaporation  from  the  first  of  these 
was,  of  course.  88.82  per  cent ;  from  the  second,  74.12 ;  from  the 
third,  62.07 ;  the  sum  of  percolation  and  evaporation  being  held 
to  account  for  the  entire  rainfall.  This  paper  will  be  printed  in 
substance  in  the  Annual  Report  of  the  New  York  Agi*icultural 
Experimental  Station  for  1888. 


New  Forms  of  Burettes.    By  W.  H.  Seaman  of  Washington, 
D.  C. 


Estimation  of  Carbon  and  Nitrogen  in  Organic  Comfounds. 
By  C.  Leo  Mses  of  Columbus,  Ohio. 
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B£OULARITT  OP    FlOW  IN  DOUBLB-CTLINDER  ROTART  PUMPS.      By 

J.  BuRKiTT  Webb  of  Ithaca,  N.  Y. 

[ABSTRACT.] 

The  author  introduced  his  subject  by  exhibiting  a  number  of 
models  of  these  pumps  from  the  cabinets  of  Cornell  University, 
which  has  recently  purchased  copies  (248  in  number)  of  the 
models  of  the  celebrated  Reuleaux  collection  in  Berlin.  Class  I 
of  this  collection  is  devoted  to  these  pumps.  He  then  produced 
and  demonstrated  a  formula  for  the  flow  of  these  pumps,  and 
showed  that  the  regularity  of  flow  depends  upon  principles  differ- 
ing from  those  which  have  been  given  for  determining  this  point. 
The  formula  given  for  the  flow  (for  unity  thickness)  was : — 

r  IR'^  +  B"^  —  (?-^  +  r"2)]  = 

flow  for  one  revolution,  where  R^  and  R"  (generally  equal  to  each 
other)  are  the  extreme  radii  of  the  two  revolving  wheels,  and  r' 
and  r"  are  the  radii  (often,  perhaps  generally,  variable)  from  the 
point  of  contact  between  the  wheels  to  their  centres.  It  was 
shown  that  for  regularity  of  flow  we  must  have  r^  -J-  r"*  =  con- 
stant. R*  and  R"  may  be  called  the  '*  piston  radii, "  and  r'  and 
r"  the  "  valve  radii. "  These  pumps  are  called  by  Reuleaux 
'*  Eapselraderwerke,"  or  chamber-crank  trains,  according  to  Ken- 
nedy. 


Improvements  in  Shaping-machines.    By  J.  Burkitt  Webb  of 
Ithaca,  N.  Y. 

[ABSTRACT.] 

Ik  the  ordinary  shaping-machine  there  are  two  defects,  one  of 
which  is  found  also  in  the  planer.  The  ram  of  a  shaping-machine 
is  a  bar  sliding  in  bearings,  and  carrying  at  one  end  the  cutting- 
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tool.  If  we  represent  by  a  the  variable  horizontal  distance  from 
the  tool  to  the  first  bearing  (or  nearest  end  of  the  long  bearing), 
and  by  b  the  variable  horizontal  distance  from  the  tool  to  the 
second  or  farthest  bearing  (back  end  of  long  bearing),  and  bjc 
the  length  of  stroke,  we  shall  have : — 

Maximum  value  of  a  =  (minimum  value  of  a)  +  c 
Maximum  value  of  b  =  (minimum  value  of  6)  +  c 
In  other  words,  the  length  of  the  ram  is  variable,  and  the  spring 
of  the  ram  from  the  work  is  variable,  the  tool  springing  away 
from  its  work  more  at  the  end  of  its  stroke.  This  springing  takes 
place  mostly  in  the  joint  between  the  ram  and  its  bearings,  and 
cannot  be  wholly  avoided  without  a  change  of  construction.  To 
remedy  the  defect,  the  author  proposes  a  reversed  construction  of 
the  sliding  parts ;  the  two  bearings  (preferable  to  a  long  bearing) 
to  be  formed  on  the  ram,  so  as  to  make  the'  distance  a  and  b  con- 
stant, and  the  long  slide  being  part  of  the  bed  of  the  machine. 
The  second  defect,  which  is  also  common  to  the  planer,  is  in 
having  a  "drop-block"  which  fits  but  indifferently  between  the 
jaws  and  against  the  bottom  of  its  seat.  From  the  necessity  of 
the  usual  construction,  the  tool  attached  to  this  block  will  have 
more  or  less  spring.  The  remedy  is  to  dispense  with  the  drop- 
block,  and  introduce  an  automatic  motion  to  lift  the  tool  on  the 
return  stroke,  as  has  been  done,  the  author  believes,  on  some  large 
machines. 


A  Comparison  of  Terra-ootta  Lumber  with  other  Matebuls. 
By  Thos.  R.  Baker  of  Millersville,  Pa 

[ABSTHACT.] 

The  investigation  which  formed  the  subject  of  this  paper  was 
to  ascertain  certain  properties  of  terra-cotta  lumber.  This  ma- 
terial is  a  kind  of  pottei-'s  clay,  and  is  prepared  by  mixing  the  clay 
with  sawdust  and  then  burning  out  the  sawdust.  The  permeabil- 
ity of  the  material  to  air  was  determined  by  forcing  air  through 
it  by  means  of  a  column  of  water.  It  was  found  to  be  875  times 
as  permeable  to  air  as  pine  and  135  times  as  brick.  Other  tests 
showed  that  it  is  four  times  as  hard  as  pine,  and  that  its  grip  on 
nails  driven  into  it  is  about  half  that  of  pine.  It  was  regarded 
as  a  valuable  article  for  the  purposes  for  which  it  is  intended. 
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A  METHOD  OF  TESTING  LONG  PlANE  SURFACES,   APPLICABLE  TO  THE 
ALIGNMENT   OF  PlaNER-BEDS,    LaTHE-BEDS,   IIeAVY  ShaFTING, 

ETC.    By  Wm.  a.  Rogers  of  Cambridge,  Mass. 

[ABSTRACT.] 

This  paper  consisted  of  a  statement  of  the  difl3eulties  of  the 
problem,  an  account  of  four  different  methods  tried  by  the  writer, 
and  the  results  obtained  by  the  new  method,  which  was  described 
as  "the  method  by  two  microscopes." 


Centrifugal   Force  in  Turbines.     By  R.  H.   Thurston  of 
Hoboken,  N.  J. 

[ABSTRACT.] 

A  NOTE  by  Mr.  J.  P.  Frizzell  ("  Journal  of  the  Franklin  Insti- 
tute for  June")  especially  interests  the  writer,  as  he  has  recently  also 
noted  the  same  defect  in  the  accepted  theory.  It  is  so  obvious  as  to 
require  no  proof  that  total  centrifugal  force,  even  where  it  is  nec- 
essarily considered  at  all,  depends  for  its  measure  upon  the  actual 
rotation  of  the  mass  of  fluid,  and  not  at  all  upon  the  movement  of 
the  wheel,  except  so  far  as  the  latter  controls  the  former.  In 
water-wheels,  the  two  rotations  are  very  different  in  their  angular 
measures. 

Plotting  the  path  of  the  water  in  space,  it  will  often  be  found 
that  the  line  is  so  nearly  rectilinear  that  the  action  of  this  force 
may  be  neglected  as  unimportant  in  practice.  This  is  probably 
the  case,  for  example,  in  the  Vallet  wheels.  In  the  Whitelaw 
turbine,  or  "  Scotch  reaction  wheel,"  as  it  is  sometimes  called, 
the  spiral  form  given  the  arms  may  often  be  given  such  proportions 
that  the  path  of  the  water  may  be  nearly  a  straight  line  to  the  exit, 
and  centrifugal  force  thus  rendered  so  small  that  it  may  be  neg- 
lected in  the  theory  of  that  wheel.  The  writer  has  been  inter- 
ested in  noting  how  much  this  method  of  treatment  simplifies 
the  theory  of  turbines,  and  how  much  more  nearly,  in  some  cases, 
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the  results  accord  with  experiment.  In  the  last  form  of  wheel, 
for  example,  the  expression  for  maximum  efficiency  becomes 

and  the  speed  of  maximum  efficiency  becomes  such  that  the  orifice 
moves  with  the  velocity  due  the  head.  The  maximum  effort  is 
exerted,  as  it  should  be,  when  the  wheel  is  held  fast,  and  the  effort 
becomes  zero,  when  the  speed  of  orifice  becomes  twice  that  ve- 
locity. 

For  the  common  case,  in  which  the  velocity  of  rotation  of  the 
water  is  a  maximum  at  its  entrance  into  the  wheel  from  the  guides, 
and  becomes  zero  at  exit  from  the  wheel,  varying  in  the  interval 
by  a  uniform  retardation,  we  easily  produce  expressions  for  the 
work  done  by  or  against  the  centriAigal  force,  and  for  the  effi- 
ciency which  will  not  here  be  given. 


The  Commercial  and  Dtnamic  Efficiencies  of  the  St^am  Engine. 
By  Robert  H.  Thurston  of  Hoboken,  N.  J 

[ABSTKAOT^l 

The  writer,  at  the  meeting  of  1882  of  the  American  Association 
for  the  Advancement  of  Science,  in  a  paper  on  a  newly  discovered 
"Absolute  Limit  to  Expansion  in  the  Steam  Engine"^  gave  what 
he  has  called  the  "General  Equation  of  Steam  Engine  EflScieney." 

In  that  equation  it  was  assumed  that  the  annual  expense  charge- 
able to,  or  variable  with,  the  cost  of  engine  maintenance  and 
operation  could  be  reckoned  per  unit  of  volume  of  steam  cylinder 
without  serious  error.  Although  this  is  often,  and  with  large 
engines  generally,  true,  and  although  it  may  not  lead  to  appreci- 
ably erroneous  results,  it  may  yet  be  sometimes  advisable  to  adopt 
the  more  general  formula  about  to  be  given  and  which  may  be 
made  as  general  and  as  exact  as  may  be  desired. 

In  the  equation  above  referred  to,  an  approximate  form  was 
adopted — making  the  denominator  variable  with  variation  of  the 

1  Proceedings  of  the  American  Association  ibr  the  Advancement  of  Scienoe,  188i; 
Journal  of  the  Franklin  Institute,  1882. 
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waste  by  cylinder  condensation  and  leakage,  instead  of  the  second 
term  in  the  numerator — for  the  purpose  of  obtaining  a  more  man- 
ageable, although  less  precise  expression. 

The  equation  to  be  here  given  may  be  used  when  greater 
precision  and  a  wider  range  of  application  is  thought  desirable  than 
could  be  secured  with  the  equation  already  given  for  general  use 
in  earlier  papers.^  The  mathematical  treatment  may  be  found  in 
the  Franklin  Institute  Journal  Sept.,  1883,  and  by  means  of  the 
analysis  there  given  the  "Maximum  Efficiency  of  a  Given  Plant" 
can  be  easily  determii\ed. 


Velocity  op  a  Piston  in  a  crank  Engine.    By  C.  M.  Woodward 
of  Washington  University,  St.  Louis,  Mo. 

lABSTRACT.] 

In  the  case  of  a  practically  uniform  angular  motion  of  the  crank, 
the  maximum  linear  velocity  of  the  piston  is  greater  than  the 
linear  velocity  of  the  crank  pin.  The  points  in  the  path  of  the  pin, 
for  which  the  piston  velocity  is  a  maximum,  are  70°  or  80*^  from 
the  nearer  dead-point,  the  exact  position  depending  upon  the  rel- 
ative length  of  the  crank  and  connecting  rod.  This  result  was 
exhibited  graphically  and  shown  to  be  consistent  with  the  obvious 
fact  that  more  than  half  of  the  stroke  is  made  when  the  crank  has 
turned  through  90**  from  the  nearer  dead  point. 

'Transactionsof  the  American  Society  of  Mechanical  Engineers,  1882;  Journal  of 
the  FrankUn  Institute,  Febniary  to  July.  1882. 
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with  all  its  successive  stages  of  growth,  upon  every  geological 
map. 

Time  would  fail  us  to  present  the  entire  ph3sical  history  of  our 
continent ;  and  we  will  therefore  confine  our  attention  chielBy  to 
its  earlier  chapters,  noting  those  points  which  are  under  discussion. 
As  we  are  endeavoring  to  advance  science,  we  must  touch  upon 
debatable  topics,  and  hope  b^'  friendly  discussions  to  become  wiser. 

"We  must  assume  the  correctness  of  the  commonly  received 
opinions  conceniing  the  earliest  history  of  our  planet, —  that  it 
passed  through  the  condition  of  a  nebula,  and  then  of  a  burning 
sun,  the  period  of  igneous  fluidity.  By  subsequent  refrigeration 
it  has  become  either  partially  or  wholly  solid.  Not  until  a  crust 
liad  formed,  and  the  earth  had  cooled  enough  to  allow  water  to 
remain  pernianentl}',  was  it  possible  to  talk  of  dry  land  and  ocean. 
With  these  premises  allowed,  it  seems  to  us  evident  that  the 
material  of  the  earth  must  be  disposed  in  concentric  zones, 
arranged  according  to  density,  the  heaviest  being  at  the  centre. 
If  the  various  elements  wero  free  to  move,  as  is  the  case  in  all 
natural  or  artificial  igneous  fluids,  we  must  expect  to  find  the 
heavier  metals  situated  beneath  the  others ;  and,  following  the 
analogy  of  extra-terrestrial  bodies,  the  central  nucleus  may  be 
principal!}'  iron,  like  the  heavier  meteors.  Zones  corresponding 
to  stony  meteors,  lavas,  the  trap  family,  and  granites  would  natu- 
rally succeed  in  order,  the  last  named  being  at  the  surface.  This 
outer  zone  is  also  characterized  by  the  presence  of  much  silica  and 
oxygen.  The  primeval  ocean  came  from  the  vapors  surrounding 
the  igneous  sphere,  condensed  to  liquidity  as  soon  as  water  could 
remain  upon  the  solid  crust  without  immediate  vaporization. 

This  original  crust  may  have  been  essentially  a  plain,  and  con- 
sequently entirely  covered  by  water ;  for  if  the  land  were  now 
levelled  off,  the  ocean  would  submerge  every  acre  of  the  continents. 
As  refrigeration  progressed,  ridges  and  valleys  would  form  in 
accordance  with  that  fundamental  principle  that  the  outer  envelope 
must  conform  to  the  shrunken  nucleus  ;  and  this  contraction  gives 
rise  to  that  tangential  force  or  lateral  pressure  which  has  acted 
through  all  time.  Whether  these  earliest  ridges  rose  above  the 
ocean  would  depend  upon  the  amount  of  elevation.  Some  authors 
argue  that  these  ridges  follow  the  course  of  great  circles.  If 
there  are  causes  adequate  to  produce  such  results, —  or  any  other 
world-wide  arrangement, —  they  must  have  commenced  to  operate 
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at  the  ver}'  beginning  of  contraction.  Most  authors  maintain  that 
the  very  thick  strata  of  the  older  rocks  have  been  formed  just  like 
modern  sediments,  having  been  broken  off  the  ledges,  and  trans- 
ported into  oceanic  basins  in  horizontal  attitude.  If  so,  there 
must  have  been  great  mountainous  elevations,  deep  oceanic  de- 
pressions, and  extensive  aqueous  action ;  since  the  thickness  of 
the  crystalline  schists  is  greater  than  that  of  the  strata  in  the 
fossiliferous  ages.  The  amount  of  distortion,  crumpling,  and 
faulting  of  the  crystalline  rocks  is  also  greater.  These  same 
authors  hold  that  the  original  ^strata  were  in  all  respects  like 
modern  sands,  gravels,  and  clays,  and  that  their  present  crystalline 
structure  is  due  to  metamoi'phism.  No  one  has  yet  discovered 
any  uncrystalline  pre-Cambrian  beds ;  nor  have  the  original 
foundation  rocks  been  pointed  out,  since  the  oldest  known  la^-ers 
are  stratified,  and  cannot  therefore  have  constituted  part  of  the 
original  unstratified  crust. 

Professor  Dana  thinks  the  primitive  land  originated  because  of 
a  difference  in  the  rate  of  conduction  of  heat  during  the  process 
of  refrigeration.  Cooling  would  be  fastest  where  the  heat  was 
conducted  most  rapidl}'.  The  first  areas  to  cool  would  be  the  first 
to  solidify.  The  first  solidified  crust  was  heavier  than  the  adjacent 
liquid  ;  so  it  sank  until  it  found  a  fluid  as  dense  as  itself.  Then 
the  liquid  above  this  crust  would  in  turn  become  solid,  and 
sink ;  and  this  process  is  supposed  to  have  continued  until  a  per- 
manent shell  had  become  fixed  in  the  earth's  circumference,  which 
constantly  increased  in  breadth  and  thickness,  becoming  conti- 
nents. Meanwhile  the  other  portions  remained  liquid  ;  and  their 
surfaces  must  have  stood  at  the  same  level  with  the  first-formed 
crust  till  that  congealed,  and  became  depressed  because  of  the 
diminution  of  volume  in  solidification.  These  depressions  became 
the  ocean's  beds.  From  this  beginning  down  to  the  present  time 
the  processes  of  growth  have  consisted  in  the  thickening  of  the 
continents  and  the  settling-down  of  the  oceanic  depressions,  while 
the  chief  force  employed  has  been  the  lateral  pressure  derived 
from  contraction.  I^Conte  and  Pratt  express  the  process  thus  far 
described  by  the  term  "  unequal  radial  contraction."  The  total 
gravity  of  the  particles  of  matter  along  each  radius  is  supposed 
to  be  the  same  ;  and  hence,  if  the  heat  is  conducted  most  rapidly 
over  the  shorter  radii  composed  of  denser  minerals  the  ocean- 
basins  would  cool  first.     These  two  views  thus  demand  a  difierent 
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arrangement  of  the  lighter  and  denser  materials,  as  pointed  oat 
by  Mr.  W.  O.  Crosby ;  the  one  necessitating  that  the  continents, 
and  the  other  the  depressions,  were  first  to  congeal.  Both, 
however,  make  the  gratuitous  and  unproved  assumption,  that 
the  surface  was  not  uniform  in  composition ;  the  difference 
being  probably  like  that  between  granite  and  trap.  The  prin- 
ciple stated  above  —  that,  where  all  the  particles  are  firee  to 
move  in  a  liquid,  the  lighter  elements  must  rise  to  the  surface,  and 
the  heavier  minerals  sink  down  in  proportion  to  their  specific 
gravity  —  is  at  variance  with  this  assumption.  Fortunately  it  is 
not  essential  to  a  right  theory  of  continental  growth.  There  is  no 
reason,  therefore,  to  doubt  that  the  original  crust  had  essentially 
a  uniform  thickness  over  tlie  wliole  earth.  Contraction  would 
originate  ridges  and  valleys  in  the  normal  way,  most  likely  of 
similar  dimensions.  There  must  soon  burst  forth  ejections  of 
igneous  matter,  owing  to  tidal  attraction ;  and  these  would  show 
themselves  along  the  weakest  lines.  At  the  outset  it  is  difldcult  to 
assign  reasons  why  either  the  elevations  or  depressions  would  be 
the  weaker ;  and  hence  we  should  look  for  a  multitude  of  locations 
of  igneous  overflow,  both  over  the  ftiture  continents  and  oceans. 
There  may  be  no  better  reason  for  the  eventual  enlargement  of  cer- 
tain of  these  volcanoes  than  that  circumstances  only  veiy  slightly 
favored  them ;  but,  this  favor  being  continued,  they  would  exist 
and  enlarge  at  the  expense  of  the  others,  affording  us  another 
illustration  of  the  "  survival  of  the  fittest." 

It  seems  to  us  there  is  now  afforded  an  opportunity  for  reviving 
in  a  modified  form  the  view  of  Poulett  Scrope  in  regard  to  the 
origination  of  the  earlier  crystalline  deposits.  Suppose  we  say, 
that,  besides  the  original  unstratified  igneous  granitic  material, 
the  oldest  stratified  crystalline  rocks  are  derived  from  volcanic 
ejections  ;  being  the  continued  enlargement  in  size,  and  reduction 
in  number,  of  the  early  indeterminate  vents.  The  several  ejections 
would  increase  in  size  till  they  became  islands,  either  gneissic  or 
granitic ;  and,  if  an  archipelago  is  allowed  us,  we  can  easily  show 
how  continents  would  accumulate,  using  only  the  universally  act- 
ing forces  of  lateral  pressure  and  sedimentary  accumulation. 

Of  other  theories  relating  to  the  origin  of  the  earlier  crystalline 
beds  I  may  mention  two.  The  first  is  that  advocated  by  Lyell, 
who  termed  these  rocks  hypogene.  After  the  solid  granitic  crust 
had  been  formed  by  refrigeration,  ^^  the  hot  waters  of  the  ocean 
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held  in  solution  the  ingredients  of  gneiss,  mica-schist,  hornblende- 
schist,  clay  slate,  and  marble, —  rocks  which  were  precipitated  one 
after  the  other  in  a  crystalline  form  "  (Lyell's  Principles  of  Geol- 
ogy, tenth  ed.,  i,  142).  In  such  a  menstruum,  life  could  not  have 
existed.  A  very  similar  view  was  advocated  by  Dr.  T.  Sterry 
Hunt  in  his  presidential  address  before  this  association  in  1871. 

The  second  is  the  view  more  commonly  entertained, —  that,  after 
the  solidification  of  the  crust,  sadimentation  accumulated  stratified 
systems  from  the  gi*anitic  foundations,  as  ordinary  sand,  gravel, 
and  clay,  which  were  subsequently  acted  upon  by  thermal  and 
aqueous  influences,  termed  metamorphic^  and  thus  converted  into 
crystalline  schists.  The  widespread  and  powerful  action  of  met- 
amorphism  is  conceded ;  but  it  is  a  more  appropriate  adjunct  to 
volcanic  than  sedimentary  accumulation. 

A  few  of  the  considerations  favoring  our  theory  will  now  be 
presented. 

1 .  Considering  the  igneous  origin  of  the  earth,  volcanic  energies 
would  naturally  continue  their  action  as  soon  as  there  was  a  crust 
to  be  broken  through,  and  immense  piles  of  melted  rock  would 
ooze  from  the  numerous  fissures.  Up  to  Laurentian  times  all 
admit  the  universality  of  igneous  outflow,  while  but  few  have  ven- 
tured to  speak  of  anything  like  volcanic  action,  except  as  it  has 
been  manifested  in  the  formation  of  dikes  in  these  early  periods. 
There  has  been  a  tendenc}'  to  class  the  ancient  granites  and  por- 
phyries with  rocks  of  sedimentary  origin,  and  consequently  to 
restrict  the  action  of  igneous  agencies  to  phenomena  of  slight 
importance.  Several  English  writers,  and,  in  our  countr}'.  Dr. 
Selwyn  of  Canada,  have  been  calling  our  attention  to  the  existence 
of  a  volcanic  group  in  later  Huronian  or  early  Cambrian  times. 
These  are  the  rocks  so  largely  developed  about  Lake  Superior, 
New  England,  and  the  Province  of  Quebec,  consisting  of  stratified 
schists,  diorites,  diabases,  amygdaloids,  and  felsites,  identical  in 
composition  with  true  ei-uptive  masses  of  the  same  name.  Inves- 
tigation shows  that  oftentimes  these  schists  are  disposed  like  the 
lavas  ejected  from  one  series  of  volcanic  vents.  Suppose,  for 
example,  that  Etna  or  Vesuvius  should  become  extinct.  In  the 
course  of  ages  the  rains  would  obliterate  the  craters,  and  reduce 
the  lavas  to  a  rounded  dome  of  greater  or  less  regularity.  We 
should  recognize  the  volcanic  origin  of  the  mountain  in  the  absence 
of  craters,  from  the  lithological  similarity  of  the  rocks  to  those 
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known  to  have  been  melted  and  ejected  from  vents,  while  the  dis- 
posal of  the  material  in  a  conical  attitude  shows  us  that  it  might 
once  have  been  covered  by  craters.  So  we  find  in  our  eastern 
country  many  domes  of  diabasic  or  protogeuic  schists,  whose 
volcanic  origin  may  be  predicated,  both  frjom  their  lithological 
character  and  physical  aspect. 

Now,  this  volcanic  group  of  Huronian  times  indicates  the  exist- 
ence of  a  greater  degree  of  igneous  activity  than  has  been  des- 
cribed for  the  paleozoic  ages,  even  in  Great  Britain ;  and  con- 
sequently this  is  an  indication  pointing  significantly  towards  the 
predominance  of  thermal  influences  in  the  still  earlier  periods. 
In  the  Lauren ti an  age  the  fires  should  have  been  yet  more  vigor- 
ous, because  the  time  of  universal  igneous  fluidity  was  less 
remote. 

2.  A  careful  study  of  the  crystalline  rocks  of  the  Atlantic 
slope  indicates  the  presence  of  scattered  ovoidal  areas  of  Lauren- 
tian  gneisses.  Those  best  known  have  been  described  in  tlie 
Geology  of  New  Hampshire.  Instead  of  a  few  large  synclinal 
troughs  filled  to  groat  depths  with  sediments,  the  oldest  group  is 
disposed  in  no  less  than  twenty-two  areas  of  small  size,  scattei'ed 
like  the  islands  in  an  archipelago.  In  a  chapter  upon  tlic  physical 
history  of  the  state,  I  have  proposed  the  theory  that  the  earliest 
land  within  its  limits  consisted  of  this  series  of  islands,  not 
packed  together  as  closely  as  now,  in  an  area  of  perhaps  three 
thousand  five  hundred  square  miles,  but  as  much  more  widely 
separated  as  would  be  determined  by  smoothing  out  the  various 
anticlinals  and  synclinals  that  were  formed  later.  By  reference 
to  our  maps  in  Maine,  Massachusetts,  New  Jersey,  Pennsylvania, 
Virginia,  North  Carolina,  and  Georgia,  many  similar  ovoidal  Lau- 
rentian  areas  may  be  specified,  usually  larger  than  those  of  New 
Hampshire.  This  may  be  due  partly  to  a  less  thorough  knowledge 
of  the  exact  areas  occupied  by  this  older  gneiss,  and  partly  to  the 
existence  of  a  greater  number  of  volcanic  vents,  giving  rise  to  a 
more  widely  spread  and  thicker  mass  of  ejected  material.  Over 
the  Atlantic  slope  and  Canadian  Highlands  these  primeval  islands 
have,  in  later  periods,  been  cemented  together  by  a  subsequent 
deposition  of  material ;  but  in  Missouri,  Arkansas  and  Texas,  we 
recognize,  even  now,  those  early  islands. 

3.  The  lithology  of  the  Laurentian  and  other  crjstal line  rocks 
is  very  like  that  of  igneous  ejections.     It  is  pro[>er  at  this  point 
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to  recall  the  proper  signification  of  the  term  Laiirentian.  As 
originally  defined  by  Logan,  it  inchided  every  formation  that  an- 
teilated  tlie  Huronian.  The  subdivisions  of  lower,  middle  and 
upper  Laurentian  are  often  used  by  the  Canadians.  Logan  spoke 
of  the  gneiss  of  Ottawa  and  of  Trembling  mountain  as  being 
decidedly  older  than  most  of  the  series.  In  his  report  for  1845  he 
distinguished  the  gioups  by  tlie  absence  of  limestone  in  the  lower 
and  its  presence  in  the  upper  series.  This  distinction  was  again 
alluded  to  by  him  in  1857  but  never  made  prominent  afterwards. 
Several  years  later  Logan  defined  an  upper  series,  characterized 
by  the  presence  of  triclinic  feldspars,  and  it  was  regarded  as  over- 
lying unconformably  the  gneisses  holding  limestone.  The  names 
Labrador  and  Norian  have  been  applied  to  this  upper  series.  In- 
asmuch as  these  upper  rocks  arc  largely  eruptive,  Selwyn  and 
others  think  that  the  institution  of  a  Labrador  system  is  a  mistake, 
and  hence  that  the  lower  and  middle,  or  the  Ottawa  and  Grenville 
series  represent  the  whole  of  the  Laurentian. 

In  the  report  upon  the  geology  of  Canada  for  1877-1878, 
Selwyn  proposes  to  restrict  the  Laurentian  outcrops  to  '*  all  those 
clearly  lower,  unconformable,  granitoid,  or  syenitic  gneisses  in 
which  we  never  find  interstratified  bauds  of  calcareous,  argillaceous, 
arenaceous,  and  conglomeratic  rocks."  The  Hastings  and  Gren- 
ville series,  and  all  the  schists  containing  the  eozoon,  are  excluded 
from  the  Laurentian  by  this  definition,  as  well  as  the  Bethlehem, 
Lake  Winnipiseogee,  and  Montalban  groups  of  the  Atlantic  slope. 
The  lower  Laurentian  is  azoic,  the  other  groups  eozoic  ;  and,  unless 
newer  distinctions  are  to  be  made  hereafter,  it  looks  as  if  we 
might  claim  these  various  azoic  Laurentian  islands  as  the  first- 
formed  dry  land,  as  they  certainly  are  the  nuclei  of  the  existing 
continents. 

There  are  no  minerals  in  these  Laurentian  islands  that  do  not 
occur  in  eruptive  granite  ;  and  the  schistose  structure  is  often  so 
faint  that  the  field  geologist  need  not  be  blamed  if  he  acknowl- 
edges his  inability  to  detect  it.  Likewise  we  discover  the  same 
fluidal  inclusions  and  the  vacuoles  that  pertain  to  granite.  If  we 
follow  Sofby  and  Clifton  Ward  in  saying  that  granite  has  been 
forme<l  beneath  a  pressure  equivalent  to  a  weight  of  forty  thousand 
feet  of  strata,  the  same  must  be  said  of  the  early  gneisses.  With 
this  general  assertion  of  the  identity  of  gneiss  and  eruptive  gran- 
ite, we  must  be  satisfied  at  present,  without  entering  into  detail. 
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4.  The  analogy  of  the  origin  of  oceanic  islands  at  tbe  present 
day  suggests  the  igneous  derivation  of  the  Lunrentian  areas. 
Most  of  the  high  islands  of  the  Pacific  are  composed  of  lava,  with 
the  volcanoes  frequently  in  action. 

The  so-called  lowlands  are  likewise  of  volcanic  origin ;  since 
coral  polyps  have  built  up  reefs  upon  the  igneous  area  after  the 
disappearance  of  the  fire,  and  the  Hawaiian  areas  are  encircled 
by  reefs.  After  the  volcanoes  have  become  cold,  loose  material 
would  be  worked  in  between  thera,  coral  reefs  would  grow,  and,  in 
various  ways,  the  land  area  would  be  enlarged,  and  finally  an 
archipelago  may  become  a  large  island.  It  needs  only  time  and  a 
repetition  of  these  constructive  agencies  to  make  a  continent  out 
of  a  series  of  archipelagoes. 

5.  The  oceanic  volcanic  islands  are  not  Inferior  in  size  to  the 
crystalline  Laurentian  areas  upon  the  present  continents.  Hawaii, 
of  the  Hawaiian  group,  may  illustrate  their  position  and  shape. 
Its  area  above  the  water-line  is  4,210  square  miles,  and  its 
cubical  contents  above  the  sea-level  are  about  the  same  with  those 
of  New  Hampshire.  It  rises  from  a  plateau  over  16,000  feet  deep, 
thus  forming  a  cone  30,000  feet  high,  whose  cubical  contents  must 
be  twenty  times  greater  than  the  portion  making  dry  land.  The 
length  of  the  entire  series  of  islands,  all  of  similar  character,  is 
350  miles,  and  the  area  of  the  base  of  the  lava  must  be  about 
100,000  square  miles.  These  cones  have  been  built  up  by  the 
accumulation  of  lava  ejected  from  the  interior  of  the  earth,  and 
they  are  entirely  isolated,  the  nearest  land  being  1,000  miles  dis- 
tant. The  ground-plan  of  this  volcanic  mass  is  that  of  two  ellip- 
tical areas,  either  of  which  is  like  some  of  our  Laurentian  islands, 
and  is  certainly  as  large  as  any  of  these  ancient  lands  south  of 
the  St.  Lawrence.  The  land  area  of  the  Hawaiian  Islands  is  less 
than  that  of  Massachusetts,  but  their  base  must  be  equal  to  the 
whole  of  New  England  and  New  York  combined.  Surely  it  can- 
not be  avowed  that  volcanic  areas  are  too  small  to  be  compared 
with  the  space  occupied  by  our  oldest  formation. 

There  are  two  points  requiring  explanation  in  this  connection, 
—  first,  the  supposed  deeply  seated  localities  where  granite  is 
produced ;  and,  second,  the  origin  of  foliation  in  the  schists. 

We  should  naturally  expect  that  the  earlier  igneous  rocks  would 
have  been  derived  from  reservoirs  quite  near  the  surface,  because 
of  the  thinness  of  the  crust.    With  this  notion  agrees  the  presence 
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of  cavities  containing  liquid,  and  of  hydrated  minerals,  which  are 
more  common  in  the  older  eruptive  rocks,  and  have  led  to  the 
aqueo-igneous  theories  of  the  origin  of  granite.  Water  would  be 
scarce  at  great  depths,  and  hence  these  rocks  ought  to  originate 
near  the  surface  where  moisture  was  abundant.  It  seems  to  ns 
that  this  consideration  should  more  than  balance  the  arguments 
usually  cited  in  favor  of  the  origin  of  granite  at  enormous  depths, 
as  it  is  difficult  to  see  how  both  can  be  true. 

Mr.  H.  C.  Sorby  has  led  the  way  in  studies  of  the  mineral 
constituents  of  eruptive  rocks.  He  measures  the  included  cavities 
in  the  component  minerals,  and  calculates  how  much  the  contained 
substances  must  have  contracted  in  cooling,  allowing  for  an 
increase  in  the  temperature  of  the  point  of  vaporization  under 
pressure.  By  assuming  the  temperature  to  be  correctly  deter- 
mined, he  ascertains  the  amount  of  pressure  indicated  by  mathe- 
matical formulae,  and  finds  it  to  be  the  equivalent  of  a  thickness 
of  40,000  feet  of  overlying  rock  in  Cornish  granites,  and  of 
60,  000  feet  in  Scotch  gianites.  Later  writers  seem  to  have  re- 
garded this  pressure  as  certainly  produced  in  the  way  thus 
suggested,  and  that  its  appearance  at  the  surface  has  been  due  to 
an  enormous  erosion  which  has  denuded  the  overlying  blanket. 
This  conclusion  is  not  necessary  ;  for,^r«^,  an  enormous  pressure 
would  result  from  the  tangential  force  of  contraction,  which  would 
be  entirely  adequate  to  have  produced  the  cavities.  Second^  the 
necessity  of  an  erosion  of  40,  000  feet  over  all  the  granites  in 
every  part  of  the  world  cannot  be  maintained.  In  North  America, 
for  example,  it  would  necessitate  the  supposition  that  nearly  eight 
miles'  thickness  of  rock  had  been  removed  from  one-fourth  of  the 
surface  since  the  Laurentian,  for  the  blanket  removed  would  have 
equalled  in  dimensions  the  crj^stalline  areas.  The  mere  statement 
of  the  amount  of  denudation  required  refutes  the  theory.  Thirds  by 
reference  to  existing  volcanoes,  it  is  plain  that  a  column  of  lava 
will  often  be  adequate  to  exert  the  needed  pressure.  Teneriffe 
rises  12, 000  feet  above  the  ocean,  and  its  cone  descends  18,  000 
feet  more  to  the  submarine  plateau.  When  the  crater  is  full  of 
melted  lava,  there  must  be  a  pressure  of  80, 000  feet  at  the  base 
of  the  cone :  hence  tlie  lava  from  the  reservoir  supplying  Teneriffe 
might  exhibit  the  vacuities  produced  by  a  pressure  of  80, 000  feet 
without  any  weight  above  the  peak. 
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When  molten  lava  poars  down  the  side  of  a  crater,  the  included 
vapors  and  liquids  must  disappear  because  of  the  removal  of  the 
pressure,  but,  after  a  substantial  crust  has  formed,  the  peculiar 
markings  imprinted  at  the  great  depth  would  remain :  hence  we 
can  understand  how  it  is  that  the  vacuities  are  to  be  seen  both  in 
granites  and  lavas  that  have  been  subjected  to  great  pressure. 
At  the  Boston  meeting  of  this  association  I  endeavored  to  show 
that  there  are  mountain  masses  of  granite  in  New  England 
possessing  all  the  physical  characteristics  of  volcanic  cones. 
The  material  must  have  been  liquid,  hot,  ejected  from  a  vent,  and 
flowed  over  a  plateau,  building  up  a  cone,  and  indurating  the 
underlying  floor.  It  was  claimed  that  such  phenomena  conld  be 
explained  only  by  supposing  the  granite  to  have  been  erupts 
just  like  lava.  This  granite  contained  the  usual  vacuities  indic- 
ative of  great  pressure  just  as  they  arc  also  found  in  the  lava  of 
Monte  Somma  or  the  trachyte  of  Ponza. 

When  one  examines  the  interior  structure  of  modern  lava-flows, 
he  is  surprised  to  find  beds  nearly  as  well  defined  as  the  foliation 
of  schists.  Around  vents  like  Vesuvius  or  P^tna  the  lava  accu- 
mulates naturally  in  quaquaversal  sheets,  no  one  eruption  being 
very  extensive.  When  steam  and  hot  water  are  copiously  sup- 
plied from  the  caldron,  there  may  be  flows  of  hot  mud  and  tufa. 
The  closing  phases  of  eruptions  are  usually  showers  of  ashes 
falling  upon  the  cone  or  beyond.  If  the  vent  is  beneath  the  ocean- 
level,  the  lava  is  minutely  subdivided  and  the  deposit  will  be  like 
sand  or  gravel.  Between  the  igneous  flows  the  ordinary  aqueous 
agencies  will  wear  oflT  excrescences,  and  scatter  the  fragments 
down  the  slope.  These  various  agencies  will  produce  a  concentric 
stratiform  arrangement  in  the  whole  mass.  Where  the  eruptiou 
is  massive,  a  similar  set  of  layers  will  be  formed. 

This  mass  of  volcanic  material  will  be  very  susceptible  to 
metamorphic  influences  when  placed  under  the  proper  conditions 
of  heat  and  pressure.  As  the  result,  new  minerals  will  be  formed, 
arranged  in  foliated  beds  or  schists.  Thus  briefly  stated  may  be 
the  origin  of  foliation.  So  long  ago  as  1825,  Poulett  Scrope  ad- 
vocated essentially  this  doctrine  for  the  arrangement  of  the  crys- 
talline particles  in  the  crystalline  schists,  having  found  an  anal- 
ogous structure  in  certain  volcanic  accumulations. 

Sufficient  has  now  been  aaid  in  advocacy  of  our  doctrine  that 
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the  fii*st  land  consisted  of  volcanic  islands.  This  was  the  Lauren- 
tian  or  azoic  accumulation.  Cartographers  have  not  yet  dis- 
tinguished the  several  crystalline  deposits,  so  that  it  will  not  be 
practicable  at  present  to  point  out  the  supposed  volcanic  areas  of 
the  Hastings,  Grenville,  Montalban,  Huronian,  and  other  eozoic 
periods.  Sedimentation  would  also  act  so  that  in  this  age  many 
beds  must  be  referred  to  an  aqueous  derivation.  By  the  close  of 
the  eozoic  age  the  continent  was  outlined  ;  or  at  least  the  framework 
of  the  future  superstructure  was  put  into  position.  The  broader 
patches  about  to  be  mentioned  had  their  origin  in  the  earlier 
numerous  islands  cemented  by  detrital  accumulations. 

The  more  important  areas  developed  in  the  eozoic  must  have 
been  Greenland,  Canada  east  of  Lake  Winnipeg,  the  Atlantic 
district,  the  Rocky  Mountains,  the  Sierra  Nevadas,  and  numerous 
buttes  over  the  Cordilleras.  The  three  great  depressiohs  of  Hud- 
son's Bay,  the  Mississippi  valley,  and  the  Salt-Lake  and  Nevada 
basins  commenced  to  sink  very  early,  and  the  future  growth  of 
the 'continent  consisted  largely  in  filling  them  up  with  marine 
sediments.  An  inspection  of  a  map  drawn  upon  a  correct  scale  will 
dissipate  the  fancied  resemblance  to  the  letter  V,  in  the  Canadian 
dominion,  so  often  insisted  upon.  Neither  has  the  development 
of  the  land  been  in  bands  parallel  to  the  northwest  and  south- 
east arms  of  this  supposed  angle.  A  better  conception  would 
find  three  great  basins,  excluding  the  unknown  regions  of  Mexico 
and  Alaska,  in  each  of  which  operations  were  conducted  independ- 
ently. The  best  known  is  that  of  the  interior  of  the  United  States, 
or  the  Mississippi  hydrographic  basin.  This  depression  was 
nearly  encircled  by  a  crystalline  border  of  high  land.  Beginning 
at  Alabama,  we  follow  it  to  New  England,  thence  by  a  slight  gap 
to  the  Adirondack  promontory,  thence  across  the  Lakes  to  the 
Dakota  promontory.  In  Minnesota  and  Dakota  the  schists  are 
more  or  less  covered  by  cretaceous  clays  and  tertiary  sands ;  but 
they  evidently  constitute  the  floor  for  the  later  deposits,  as  seen 
in  the  Black  Hills.  Thus  we  may  connect  the  Dakota  and  Rocky 
Mountain  crystallines.  From  Wyoming  southerly  the  granites  are 
again  conspicuous  into  New  Mexico.  Thus  the  circuit  is  not  com- 
plete :  it  is  like  a  horseshoe,  with  the  lower  Mississippi  valley  in 
the  gap  ;  yet  this  may  have  been  filled  in  the  Cambrian  age,  since 
Laurentian  islands  are  found  in  Texas,  Arkansas,  and  Missouri. 
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We  might  give  reasons  for  believing  in  the  recent  origin  of  the 
depression  between  New  Mexico  and  Alabama. 

The  map  will  show,  around  the  borders  of  this  Mediterranean 
Sea,  the  primordial  sea-beach,  whether  examined  in  Virginia, 
New  York,  Michigan,  Colorado,  or  Texas.  Could  we  dissect 
the  land,  we  should  find  an  immense  platter  of  Cambrian  sedi- 
ments coextensive  with  the  ciystalline  highlands  surrounding 
and  underlying  it.  In  Cambro-Silurian  times  the  story  is  repeated. 
Marine  limestones  formed  other  dishes,  each  limited  in  size  by 
the  upturned  edges  of  the  platter  underneath.  The  rest  of  the 
history  is  given  in  our  text-books.  Our  Mediterranean  Sea  was 
not  closed  till  the  end  of  the  cretaceous,  when  the  salt-water  was 
expelled,  never  to  return. 

In  the  west  a  similar  ovoidal,  crystalline  border  can  be  traced, 
holding  paleozoic  sediments.  Beginning  at  the  Rocky  Mountain 
chain  in  Wyoming,  we  follow  it  southerly  to  Mexico.  Across 
Ai'izona  are  many  gneissic  outliers,  but  not  sufficiently  numerous 
to  close  the  gap.  In  California  we  reach  a  country  entirely 
gneissic  beneath  the  sands  of  the  desert,  which  connects  with  the 
Sierra  Nevadas,  and  is  traceable  along  the  Nevada  line  nearly  to 
Oregon.  There  the  course  is  changed,  the  rocks  trend  north- 
easterly, show  themselves  conspicuously  in  the  Blue  Mountains 
of  eastern  Oregon,  the  Salmon  River  Mountains  of  Idaho,  and 
western  spurs  of  the  Rockies  again  in  Montana,  which  are  contin- 
uous to  our  starting-point  in  Wyoming.  Our  crj'stallines  do  not 
pass  north  of  the  parallel  of  49°  into  Columbia.  We  have  there- 
fore found  a  complete  crystalline  border  for  the  depressions  of 
our  western  territories,  and,  ^vithin  this  ovoidal  line,  all  the 
members  of  the  paleozoic,  raesozoic,  and  cenozoic  groups,  but  not 
arranged  with    tlie  simplicity  of  their  distribution   in    the  east. 

Less  is  known  of  tlie  arctic  basin  than  of  the  others ;  but  the 
scattered  sketches  afforded  by  voyagers  indicate  the  presence  of 
the  more  important  members  of  the  geological  column.  Where 
these  basins  adjoin,  there  is  a  much  wider  area  of  ancient  land. 

In  conclusion,  I  will  simply  recapitulate  the  more  important 
phases  of  the  growth  of  our  continent. 

We  start  with  the  earth  in  the  condition  of  igneous  fluidity. 

It  cools  so  as  to  become  incrusted  and  covered   by  an  ocean. 

Numerous  volcanoes  discharge  melted  rock,  building  up  ovoidal 
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piles  of  granite,  which  change  gradually  into  crystalline  schists. 
When  these  hills  are  high  enough  to  overlook  the  water,  they 
constitute  the  beginnings  of  dry  land. 

At  the  commencement  of  paleozoic  time  the  continent  is  com- 
posed of  three  immense  basins,  one  located  near  Hudson's  Bay, 
the  Mississippi  hydrographic  area,  and  the  great  Nevada  series 
of  land-locked  valleys. 

The  later  history  of  the  development  of  the  continent  presents 
the  details  of  the  fiUing-up  of  these  depressions,  the  expulsion  of 
the  Mediterranean  seas,  and  the  description  of  the  varied  forms 
of  life  that  successively  peopled  the  land  and  water. 

The  history  opens  with  igneous  agency  in  the  ascendant.  Aque« 
ous  and  organic  forces  became  conspicuous  later  on,  and  ice  has 
put  on  the  finishing  touches  to  the  terrestrial  contours.  The  com- 
pleted  structure  we  must  acknowledge  to  be  "very  good." 


A.  A.  A.  S.|  VOL.  XXXU.  13 
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Etidbnce  from  Southern  New  England  against  the  Ice- 
berg Theory  of  the  Drift.  By  James  D.  Dana  of  New 
Haven,  Conn. 

In  presenting  to  the  Association  evidence  from  southern  New 
England  with  regard  to  the  insufficiency  of  the  iceberg  theory  of 
the  drift,  I  shall  have  to  say  some  things  that  have  often  been  said 
before,  and  by  various  investigators.  But  I  may  claim  for  what 
is  here  brought  forward,  that  it  is,  in  my  own  mind,  the  fortified 
conclusion  of  long-continued  investigation. 

The  arguments  on  the  subject  are  derived  from  three  sources : — 

I.      The  scratches  and  groovings  over  the  rocks. 
ir.     The  transported  bowlders  and  other  materials. 
III.  The  facts  as  to  the  relative  level  of  the  land  and  sea. 

/..  Tlie  scratdies  or  grooves  over  tlie  rocks. 

Under  this  bead  there  is,  first,  the  old  argument  based  on  the 
universal  distribution  of  the  scratches  over  the  region  of  all  New 
England.  These  effects  of  abrasion  are  to  be  found  everywhere 
beneath  the  soil,  each  fresh  exposure  of  the  rocks  bringing  them 
to  light.  This  was  said  years  ago ;  and  the  conviction  of  its  truth 
has  been  gaining  force  with  every  year  of  additional  observation. 

a.  In  view  of  this  fact,  it  is  urged  rightly  that  only  an  abrading 
agent  that  pressed  heavily  against  the  broad  rockj^  surface  could 
have  produced  the  effects ;  and  such  is  not  an  occasionally  ground- 
ing iceberg,  or  a  succession  of  them.  Neither  is  it  the  still  more 
locally  acting  shore-ice. 

6.  Floating  ice  would  have  found  little  bare  rock  over  the  sea- 
bottom  to  be  abraded.  Like  the  bottom  of  existing  seas,  and 
eminently  those  of  the  continental  borders,  the  submerged  region 
would  have  had  for  the  most  part  a  bottom  of  detritus,  its  former 
detritus,  and  additional  detritus    from   later  depositions.     The 
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removals  would  have  been  local,  and  relatively  of  small  area.  Con- 
sequently, tUe  drifting  ice  would  rarely  have  reached  down  to  the 
rocks.  Shore-ice  carried  along  by  the  currents  would  have  had  a 
better  chance,  and  yet  a  poor  one,  for  the  work  to  be  done. 

c.  The  character  of  the  groovings  and  ploughings  is,  to  a  great 
extent,  such  as  floating  ice  could  not  have  produced.  As  has  been 
often  said,  the  close  uniformity  of  direction  and  parallelism  over 
large  areas,  which  so  generally  pi*evails,  is  not  a  possible  result 
of  iceberg  action.  The  needed  pressure  and  steadiness  of  move- 
ment are  wanting. 

Troughs  iu  hard  granite  even  six  inches  deep  are  the  work  of 
one  and  the  same  moving  tool  for  a  long  period ;  and  one  year 
would  be  long  for  the  steady  action  of  an  iceberg.  If  grounded, 
it  would  do  almost  nothing ;  if  floating  free,  absolutely  nothing  ; 
and  a  nice  adjustment  to  depth  would  be  required  for  any  steady 
abrasion,  much  nicer  than  would  have  long  continued  an^^where 
over  the  uneven  bottom. 

In  the  Triassic  sandstone  of  East  Haven,  Conn,  (just  east  of 
New  Haven),  at  a  place  where  the  sandstone  is  a  very  firm,  thick- 
bedded,  gritty  rock,  the  ploughing  ice  ploughed  out  a  piece  of 
moulding,  somewhat  like  the  ogee  of  the  carpenter,  which  was  8 
feet  deep,  25  feet  wide,  and  over  120  feet  long,  and  perfectly  even 
in  surface  as  well  as  direction. 

cL  The  currents  that  would  have  borne  along  the' icebergs  over 
submerged  New  England,  in  case  of  a  submergence  sufficient  to 
cover  the  highest  striated  surfaces^ — 3,000  to  5,500  feet, —  would 
have  been  those  of  the  present  ocean,  the  Labrador  current,  and 
Gulf  stream ;  and,  with  less  submergence,  the  same  in  part,  modi- 
fied by  the  courses  of  the  valleys  and  the  tides.  It  is  to  be  noted, 
that  the  New  Haven  region,  in  Connecticut,  is  the  southern  ex- 
tremity of  the  Connecticut  valley.  The  mean  trend  of  this  valley 
in  Connecticut  is  about  S.  15®  W.,  and,  in  southern  Connecticut, 
S.  18°  W.  Now,  the  numerous  scratches  over  the  eastern  portion 
of  the  New  Haven  region  average  in  direction  S.  16**  W.  ;  but 
along  its  western  border,  where  the  rapidly  rising  slopes  give  the 
region  rather  an  abrupt  limit  150  to  350  feet  high,  the  scratches 
have  an  average  course  of  S.  33°  W.,  the  extreme  being  S.  27®  W., 
and  S.  55°  W.  ;  and  S.  33°  W.  is  the  almost  uniform  trend  over  the 
undulating  surface  of  the  country  for  six  to  nine  miles  west.  It  is, 
as  far  as  I  can  see,  impossible  that  the  valley  stream  should  have 
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had  on  its  west  side  so  wide  a  divergence  from  the  direction  of 
the  Connecticut  valley  :  all  the  features  of  the  region  oppose  it. 
The  scratches  are  well  exposed  over  the  metamorphic  rocks  in 
many  places  ;  and  large  and  perfect  examples  of  roches  moutonnees 
here  occur. 

Again :  over  the  higher  lands  of  western  Connecticut  (and  of 
New  England  generally,  according  to  the  observations  of  Prof. 
Edward  Hitchcock,  Prof.  C.  H.  Hitchcock,  and  others),  the  direc- 
tion of  the  scratches  is  southeastward.  To  have  pro<luced  them, 
if  icebergs  were  the  agent,  the  submergence  should  have  exceeded 
2,500  feet,  and  this  would  hate  given  a  chance  for  the  full  play  of 
the  oceanic  currents ;  and  yet  the  above  direction  does  not  corres- 
pond with  that  of  either  of  the  gi*eat  currents. 

11.  Distribution  of  the  dnft. 

Bowlders  of  trap,  from  50  to  1, 000  tons  in  weight,  are  numerous 
in  the  New  Haven  region,  especially  along  its  western  border. 
All  are  Conneclicut-valley  travellers ;  for  the  trap  ridges  of  the 
valley — 400  to  1,300  feet  in  height — are  the  only  possible  source. 
They  were  gathered  up  by  the  ice  from  these  trap  ridges,  and 
were  carried  15  to  60  miles  down  the  valley.  It  is  mechanically 
impossible  that  the  larger  bowlders  should  have  been  taken  up,  or 
gathered  in  any  way,  by  floating  ice ;  either  shore-ice,  where  the 
water  was  but  1,000  feet  deep  and  less,  or  by  that  of  icebergs, 
where  the  depth  was  greater.  It  is  well  known,  that  the  distance 
of  drift  transportation  is  in  general  less  than  20  miles.  Hills  of 
but  100  feet  often  have  their  long  trails.  A  moving  glacier  wouhl 
easily  gather  and  carry  along  the  material  from  hills,  high  or  low, 
wherever  loose  or  detachable  masses  of  rock  or  gravel  existed  to 
be  gathered;  while  floating  ice  would  be  very  poor  at  gathering, 
and  hence  inefficient  in  distributing. 

IIL     Relative  level  of  tlie  land  and  sea, 

I  have  examined  carefully  along  southern  New  England  for 
proofs  of  the  Quaternary  submergence  which  the  iceberg  theory- 
assumes  to  have  existed  in  the  glacial  era.  I  thought  at  one 
time  that  I  saw  evidence  about  New  Haven  of  a  submergence  of 
45  to  50  feet.  But  the  terrace  that  afforded  the  evidence  was 
situated  six  miles  back  from  Long  Island  Sound,  adjoining  the 
rivers ;  and  on  further  examination  I  found  that  the  deposits  had 
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precisely  the  strnctarc  of  those  along  the  river-valleys  farther 
noi*th,  and  that,  in  fact,  they  were  nothing  but  fluvial  formations. 
The  highest  terraces  on  or  near  the  shores  of  the  sound,  in  the 
vicinity  of  New  Haven,  have  a  heiglit  above  mean  tide  of  23  to  26 
feet ;  and  on  Milford  bay,  nine  miles  west,  a  similarly  situated 
terrace  has  a  height  of  30  to  33  feet.  Along  the  hills  facing  the 
waters,  and  the  southern  extremity  of  the  valleys,  no  traces  of  any 
higher  level  exist.  Twenty-five  to  thiity-flve  feet  is  the  greatest 
amount  of  submergence  tlie  facts  sustain.  Seaborder  deposits 
exist  at  a  higher  level  on  the  coast  of  Maine  and  on  the  shores  of 
the  St.  Lawrence,  and  show  what  was  the  iX)sition  of  the  shore- 
line in  those  regions.  But  the  level  along  southern  New  England 
is  not  proved  by  the  facts  there  gathered,  neither  is  it  established 
by  the  demands  of  the  iceberg  theoiy . 

In  conclusion,  if  icebergs,  or  floating  masses  of  ice,  were  not 
capable  of  covering  with  scratches  great  continuous  areas,  and 
would  have  had  a  chance  for  little  rock-abrasion  on  account  of  the 
covering  of  detritus ;  if  they  could  not  have  made,  in  their  hitching 
and  swinging  way  of  action,  when  touching  bottom,  scratches  over 
gi*eat  areas,  that  had  the  even  course  and  parallelism  characterizing 
those  of  drift  regions,  or  could  not  have  ploughed  out  the  deep 
furrows ;  if  they  could  not  have  gathered  the  great  bowlders  for 
transportation  ;  and  if  the  sea  along  the  sound  did  not  cover  the 
land,  in  any  part  of  the  era  of  ice,  to  a  greater  depth  than  30  or 
85  feet, — the  iceberg  theory  of  the  drift  may  be  reasonably 
pronounced  unsatisfactory  for  southern  New  England ;  and  similar 
facts  show  that  it  is  equally  unsatisfactoiy  for  the  rest  of 
New  England. 


The  Ancient  Glaciation  of  North  America:  its  Extent, 
Character,  and  Teachings.  By  J.  S.  Newberry  of  New 
York. 

[ABSTRACT.] 

While  the  glacial  area  on  our  continent  has  not  been  Ailly  ex- 
plored, there  is  abundant  proof  for  the  following  propositions :  1. 
Glaciers  covered  most  of  the  elevated  portions  of  the  moantain 
belts  in  the  west  as  far  south  as  the  36th  parallel,  and  in  the 
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eastern  half  of  the  continent  to  the  40th  parallel  of  latitude.  2. 
The  ancient  glaciers,  which  occupied  the  area  above  described, 
were  not  produced  by  local  causes,  but  were  evidences  of  a  general 
climatic  condition.  8.  They  could  not  have  been  the  effect  of  a 
warm  climate  and  an  abundantprecipitatipnof  moisture,  but  were 
results  of  a  general  depression  of  temperature. 

The  traces  of  glaciation  are  similar  in  kind,  and  apparently  in 
date,  over  the  whole  area :  they  are  therefore  effects  of  general, 
not  of  local,  causes.  East  of  the  Mississippi,  the  evidence  is 
even  more  widespread  and  impressive  than  in  the  far  west.  The 
ai*ea  bearing  marks  of  ice  action,  and  strewn  with  drift,  extends 
from  New  Englanc}  westward,  parallel  with  the  Canadian  high- 
lands, in  a  belt  five  hundred  miles  wide  and  over  two  thousand 
miles  long.  Its  northern  extension  has  not  been  traced  beyond 
Winnipeg ;  but  there  are  reasons  for  believing  that  it  reached  to 
the  Arctic  ocean,  and  that  the  great  lakes  are  preglacial  river- 
valleys,  scooped  out  and  modified  by  ice.  Fully  half  the  continent 
north  of  the  36th  parallel  was  glaciated.  So  far  as  we  now  know, 
the  glaciation  was  synchronous. 

The  iceberg  theory  was  opposed  on  the  following  grounds ;  it 
postulated  a  water-line  with  irregularities  of  level  that  are  irrecon- 
cilable. The  direction  of  the  scratches,  and  the  lines  of  derivation 
of  the  bowlders,  require  that  the  northern  portion  of  the  continent 
should  have  been  all  submerged,  leaving  no  laud  for  the  origin 
and  starting-point  of  icebergs.  If  icebergs  could  have  been 
formed  and  floated,  an  incomprehensible  tangle  of  ocean-currents 
would  be  required  to  account  for  their  movements.  The  evidence 
of  sea-covering,  in  the  form  of  marine  shells,  is  totally  absent 
from  the  great  drift  area  of  the  interior,  while  they  are  found 
abundantly  in  the  Champlain  and  l)owlder  clays  of  the  coast. 
Finally,  the  inscription  left  by  the  eroding  agency  is  characteristic 
and  8ui  gineris. 

The  record  of  the  ice  period  on  our  continent  is  far  more  exten- 
sive and  impressive  than  has  been  represented.  The  phenomena 
were  due  to  extraneous  and  cosmical  causes,  not  to  anything  local 
or  even  telluric. 

The  question  here  passes  from  the  geologist,  and  must  be 
addressed  to  the  astronomer.  The  author  briefly  recapitulated 
some  of  the  theories  which  have  been  suggested  by  Croll,  New- 
comb,  and  others,  to  account  for   the  glacial  epoch. 
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The  Eroding  Power  op  Ice.    By  J.  S.  Newberry  of  New  York, 
N.Y. 

[AJ)8TRACT.] 

The  object  of  this  essay  was  to  enter  a  protest  against  the 
theories  of  certain  geologists  who  claim  that  glacial  ice  has  not 
played  an  important  part  in  the  erosion.  Several  heresies  have 
been  advanced  in  regard  to  this  subject :  1 .  The  denial  that  there 
ever  was  a  glacial  t)eriod.  2.  The  assertion  that  if  there  was  an 
ice  period  it  was  a  warm  and  not  a  cold  one.  3.  That  the  phe- 
nomena usually  ascribed  to  glacial  action  in  the  record  of  the  ice 
period  were  generally  due  to  icebergs.  4.  Tliat  ice  has  little  or 
no  eroding  power,  and  that  glaciers  have  never  been  important 
geological  agents. 

In  refutation  of  these  theories  the  author  gave  the  result  of  his 
extended  study  of  glacial  action  in  the  Alps,  and  in  many  differ- 
ent parts  of  the  United  States  and  Canada.  The  conclusions  to 
which  he  had  been  led  by  his  observations  were :  1.  That  the  gla- 
cial period  was  a  reality,  and  that  its  record  constitutes  one  of  the 
most  striking  and  interesting  chapters  of  geological  history.  2. 
That  this  was  a  cold  period.  3.  That  ice  has  great  eroding  power, 
and  that  in  regions  which  they  have  occupied,  glaciers  have  always 
been  important  and  often  preponderating  agents  in  effecting  topo- 
graphical changes. 

The  facts  on  which  these  conclusions  were  based  may  be  sum- 
marized as  follows:  1.  All  the  mountain  chains  and  highlands  of 
the  west  have  been  simultaneously  covered  with  ice  or  snow  fields, 
for  moraines,  excavated  lake-basins,  rock-surfaces  marked  with 
the  peculiar  inscription  of  glaciers,  rounded  hillocks,  hills  and 
mountains  attest  the  former  presence  of  ice  iix  the  Rocky  Moun- 
tain belt,  in  the  Wasatch  and  in  the  Sierra  Nevada  from  the  36th 
parallel  as  far  northward  in  British  America  as  explorations  have 
been  carried.  2.  On  the  Atlantic  coast  the  glacial  topography, 
glaciated  rock-surfaces  and  glacial  debris  (till,  moraines,  kamcs 
and  Champlain  clays),  stretch  continuously  from  New  York  to 
Maine,  and,  as  we  learn  from  many  observers,  to  Greenland,  where 
continental  glaciers  covering  thousands  of  square  miles  and  ap- 
parently some  thousands  of  feet  in  thickness  are  doing  the  work 
of  which  the  record  is  left  farther  south.  8.  The  highlands  north 
of  the  St.  Lawrence,  once  an  elevated  mountain  range,  have  been 
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planed  down  to  an  undulating  surface,  the  topography  resulting 
from  ice  action,  and  everywhere  showing  ice  marks.  4.  A  belt  of 
country  parallel  with  the  Canadian  Highlands  reaching  from  Maine 
west  and  northwest  to  and  beyond  Lake  Winnipeg,  an  area  2000 
miles  by  500,  is  glaciated  and  covered  with  glacial  debris  to  an 
average  depth  of  30  to  50  feet.  5.  The  basins  of  the  Great  Lakes 
were  certainly  once  occupied  by  glaciers,  which  moved  approxi- 
mately in  the  direction  of  their  longest  diameters,  and  have  been 
in  part,  at  least,  excavated  by  ice  action.  6.  Similar  records  re- 
ported by  Forbes  and  Whitmell  in  Norway,  Ramsay,  Geikie  and 
others  in  the  British  Islands,  Penck  in  Bohemia,  Agassiz,  Guyot 
and  others  in  Switzerland,  Godwin-Austen  in  India,  Darwin  and 
Agassiz  in  South  America,  confirm  the  testimony  of  the  rocks  here, 
and  establish  beyond  question  at  least  one  ice  period  as  a  marked 
chapter  in  geological  history,  and  prove  the  enormous  eroding 
power  of  ice. 

The  erosion  of  ice  is  effected  by  sand,  gravel,  and  bowlders  frozen 
into  its  under  surface  and  carried  forward  in  its  motion  ;  where  the 
glaciers  were  1000  feet  in  thickness  the  grinding  material  was 
pressed  upon  the  underlying  rock  with  a  forccof  48,700  pounds  to 
the  square  foot.  The  ancient  glaciers  of  New  England  were  from 
3000  to  5000  feet  in  thickness,  exerting  a  pressure  of  ft-om  150,000 
to  250,000  pounds  to  the  square  foot.  The  weight,  grinding  ma- 
terial and  incessant  motion,  make  glaciers  over  the  area  they  oc- 
cupy far  more  powerful  eroding  agents  than  water.  This  is  proved 
by  the  relative  amounts  of  sediment  carried  by  the  streams  which 
drain  glaciers  and  those  which  do  not.  The  latter  are  made  turbid 
only  by  occasional  and  temporary  rains,  while  the  former  are  al- 
ways opaque  from  the  quantity  of  sediment  they  transport;  and 
jet  this  is  only  the  finer  material  ground  up  b^^  the  glacier,  the  coarse 
being  left  behind.  The  quantity  of  transported  matter  has  in 
some  instances  been  measured :  for  example,  the  stream  which 
drains  the  Aar  glacier  brings  down  280  tons  per  day,  and  the 
Justcdal  glacier  of  Norway  wears  down  69,000  cubic  metres  of 
solid  rock  annually ;  and  these  are  measurements  of  the  eroding 
power  of  two  small  glaciers 


Digitized  by 


Google 


202  SECTION   B. 

Thb  Life-histort  of  the  Niagara  River.     By  Jclius  Poitlmak 
of  Buffalo,  N.  Y. 

[AB8TBA0T.] 

In  preglacial  times  the  valley  of  the  Tonawanda  was  occupied 
by  a  lake  whose  waters  found  their  way  into  the  Ontano  valley 
across  the  upper  rapids  at  Niagara  Falls,  thence  along  the  present 
river  gorge  down  to  the  whirlpool,  and  from  here  by  the  way  of 
the  buried  St.  Davis  channel.  After  the  ice  period  this  outlet  was 
closed.  Lakes  Erie  and  Ontario  drained  simultaneously,  as  testi- 
fied by  beaches  around  both  lakes,  until  both  stood  on  a  level  with 
the  Lewiston  heights.  From  this  time  Lake  Ontario  drained 
slowly  with  many  resting  places  and  the  waters  of  Lake  Erie 
flowed  over  the  mudflat  along  the  preglacial  river  valley  between 
Buffalo  and  Lewiston.  We  must  therefore  reject  any  theory  of 
falls  at  Lewiston  ;  contrary  to  hitherto  accepted  data,  the  waters 
could,  at  their  best,  form  only  a  rapid  over  the  escarpment ;  for  the 
Niagara  limestone  here  is  only  thin,  and  it  was  a  comparatively 
easy  task  foi*  the  immense  volume  of  water  to  excavate  the  soft 
strata  of  rock  between  Lewiston  and  the  whirlpool,  where  it  met 
the  bed  of  the  preglacial  river  up  to  the  present  site  of  the  falls. 
This  fact  explains  why  the  river  turns  almost  at  right  angles  oppo- 
site the  whirlpool.  I  therefore  conclude  that  the  time  necessary  to 
excavate  the  gorge  of  the  Niagara  below  the  falls  has  always  been 
overestimated,  for  that  portion  which  would  take  the  longest  time, 
between  whirlpool  and  fall,  was  already  excavated  in  preglacial 
times  and  the  three  miles  between  whirlpool  and  Lewiston  were 
composed  almost  entirely  of  shales. 


Besult  of  Explorations  of  the  Glacial  Boundary  between 
New  Jersey  and  Illinois.    By  6.  F.  Wright  of  Oberlin, 

Ohio. 

[abstract.] 

After  citing  reasons  for  desiring  a  careful  resume  of  the  subject, 
— the  observations  being  scattered  in  the  works  of  different  ex- 
plorers,—  the  author  proceeded  to  name  those  who  had  determined, 
for  different  regions,  the  southern  boundary  of  the  glaciated  area. 
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Starting  at  the  eastern  coast,  President  Edward  Hitchcock  was 
the  first  to  intimate  that  the  backbone  of  Cape  Cod  was  a  part  of 
the  terminal  moraine  if  the  theory  of  Professor  Agassiz  were  true. 
Clarence  King  made  a  similar  assertion  as  to  accumulations  near 
Wood's  Holl  and  on  the  Elizabeth  islands.  Professor  Charles 
H.  Hitchcock  declared  that  the  backbone  of  Long  Island  was  the 
foot  of  a  terminal  moraine.  Warren  Upham  went  over  this  field, 
from  the  end  of  Cape  Cod  to  Brooklyn,  to  verify  the  hypothesis. 
Professors  Cook  and  Smock  traced  the  moraine  across  the  state  of 
New  Jersey.  Professor  Lesley  commissioned  Professor  H.  Carvill 
Lewis  and  the  author  of  the  paper  to  continue  the  exploration 
across  Pennsylvania.  In  Ohio,  I^ofessor  Newbeny  had  approxi- 
mately outlined  the  boundary ;  but  in  Ohio,  Indi^ina,  and  Illinois, 
the  survey  was  earned  on  by  a  number  of  different  persons  before 
the  most  distinctive  glacial  features  were  fully  understood. 

The  chief  indications  on  which  reliance  can  be  placed  to  deter- 
mine glacial  action  are  striated  rocks,  striated  stones,  bowlders, 
and  till.  Rocks  near  the  margin  are  often  so  deeply  covered  with 
till  that  their  markings  are  not  apparent.  The  softer  rocks  do 
not  always  retain  their  strisB ;  this  has  often  been  the  case  iu 
Ohio.  In  cei-tain  situations,  stones  might  be  striated  by  a  land- 
slide, or  the  grounding  of  an  iceberg ;  but  the  area  over  which 
striated  stones  are  found  is  too  vast  for  such  explanation  of  their 
presence.  The  bowlders  are  of  granite  and  metamorphosed  rocks 
from  northern  Canada  and  the  shores  of  Lake  Superior;  their 
presence  is  relied  upon  only  when  they  are  in  such  situations 
as  to  preclude  the  likelihood  of  their  having  been  transported  by 
the  agency  of  rivers.  Till  is  spread  over  the  whole  area :  it  is 
defined  as  an  unstratified  deposit,  containing  striated  stones  of 
various  sizes, —  fragments  of  rock  foreign  to  the  locality.  Its 
composition  varies,  through  mixture  with  underlying  material. 
It  covers  and  gives  fertility  to  northern  Ohio,  Indiana,  and  Illinois. 
Till  has  been  well  characterized  by  Professor  Newberry  as  the  grist 
of  the  glacier. 

Briefly  told,  the  boundary-line  of  the  glaciated  area,  so  fai* 
as  now  accurately  known,  is  as  follows:  beginning  on  the 
island  of  Nantucket,  it  runs  through  Martha's  Vineyard,  No  Man's 
Land,  Long  Island  from  east  to  west,  across  Staten  Island, 
entering  New  Jersey  at  Perth  Amboy,  and  after  bending  north- 
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ward  and  making  a  right  angle  near  Dover,  crosses  the  Delaware 
at  Belvidere.  Thence  it  runs  northwesterly  through  North- 
ampton, Monroe,  Luzerne,  Columbia,  Lycoming,  Tioga,  and 
Potter  counties  in  Pennsylvania,  and  Cattaraugus  count}',  New 
York,  reaching  its  most  northerly  point  about  six  miles  north 
of  Salamanca.  From  here  it  runs  through  Warren,  Venango, 
Butler,  Lawrence,  and  Beaver  counties,  to  the  Ohio  line,  crossing 
Beaver  creek  at  Chewtown  about  fifteen  miles  above  the  Ohio 
river. 

The  boundary  enters  Ohio  in  the  northern  part  of  Columbiana 
county,  and  proceeds  nearly  west  to  the  middle  of  Stark,  then 
turns  more  to  the  south,  touching  the  corner  of  Tuscarawas,  and 
dividing  Ilolme^  into  two  nearly  north-and-south  sections.  Near 
the  northeast  corner  of  Knox,  the  line  makes  a  right  angle,  and 
runs  south  through  Knox,  Licking,  the  northwest  corner  of  Perry, 
Fairfield,  Ross,  Highland,  Adams,  and  Brown  counties.  Then  it 
follows  the  line  of  the  Ohio  river  across  Clermont,  and  enters 
Kentucky  near  the  boundary  between  Pendleton  and  Campbell 
counties,  and,  after  crossing  the  northern  part  of  Kenton  and 
Boone  counties,  recrosses  the  Ohio,  entering  Indiana  a  little  below 
Aurora. 

In  Indiana  the  line  still  continues  to  bear  in  a  southerly  direction 
through  Ohio  and  Jefferson  counties,  grazing  the  edge  of  Kentucky 
again  opposite  Madison,  and  reaching  its  southernmost  point  near 
Charlestown  in  Clarke  county,  Ind.  From  here  it  bears  again  to 
the  north,  through  Scott  and  Jackson  counties,  to  the  line  between 
Bartholomew  and  Brown,  and  follows  this  to  the  northeast  corner 
of  Brown.  There  again  it  turns  to  the  southwest,  touching  the 
northeast  corner  of  Munroe,  where  it  again  bears  north  for  ten 
miles,  to  near  Martinsville  in  Morgan  county.  Here  again  the 
Jine  turns  to  the  west  and  south,  passing  diagonally  through  Owen, 
Green,  Gibson  and  Knox  counties,  and  in  Posey  as  far  as  New 
Harmony.  Beyond  this  point,  the  line  has  not  been  accurately 
traced. 

The  signs  of  glaciation  cease  where  there  is  no  barrier  to  account 
for  their  cessation,  and  where  no  barrier  ever  could  have  existed 
such  as  must  be  supposed  if  the  so-called  glacial  phenomena  are 
the  product  of  floating  ice.  Of  the  correctness  of  this  inference, 
the  different  elevations  at  which  the  signs  of  glacial  action  cease 
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Map  showins:  Sonthern  Boundary  of  Glaciated  Area  of  Ohio. 
Beport  to  tiie  Uistoi-ical  Society  of  Cieveltiud,  Oliio.] 
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LIST  OP  COUNTIES  WITH  NUMBERS  COBBESPONDING  TO  THOSE  IN  MAP. 


1. 

Wniiams 

23.  Hardin 

45.  Pike 

07.  Muskingum 

2. 

Defiance 

24.  Logan 

46.  Adams 

08.  Morgan 

3. 

Paulding 

25.  Champaign 

47.  Scioto 

09.  Athens 

4. 

Van  Wert 

26.  Clarke 

48.  Erie 

70.  Meigs 

5. 

Menser 

27.  Greene 

49.  Huron 

71.  Galila 

6. 

Darke 

28.  Clinton 

60.  Lorain 

72.  Lake 

7. 

Preble 

29.  Brown 

51.  Richland 

73.  Geauga 

8. 

Batler 

30.  Ottawa 

62.  Ashland 

74.  Portage 

9. 

Hamilton 

31.  Sandusky 

63.  Knox 

75.  Stark 

10. 

Fulton 

32.  Seneca 

54.  Licking 

76.  Tuscarawas 

11. 

Henry 

S3.  Wyandot 

55.  Fairfield 

77.  Guernsey 

12. 

Putnam 

34.  Crawford 

66.  Perry 

78.  Noble 

1.1. 

Allen 

35.  Marion 

67.  Hocking 

79.  Ashtabula 

U. 

Anglaize 

38.  MoiTow 

68.  Vinton 

80.  Trumbull 

15. 

Shelby 

37.  Union 

69.  Jackson 

81.  Mahoney 

IfJ. 

Miami 

38.  Delaware 

GO.  Lawrence 

82.  Columbiana 

17. 

Montgomery 

39.  Madison 

Gl.  Cuyalioga 

83.  Carroll 

IS. 

Warren 

40.  Franklin 

02.  Medina 

84.  Harrison 

19. 

Clermont 

41.  Fayette 

03.  Summit 

85.  Jefferson 

20. 

Lucaa 

42.  Pickaway 

04.  Wayne 

8'J.  Belmont 

SI. 

Wood 

43.  Rose 

05.  Holmes 

87.  Monroe 

22. 

Hancock 

44.  Highland 

06.  Coshocton 

88.  Waslnugton. 
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are  safflcient  proof.  For  instance,  the  line  is  near  sea-level  in 
New  Jersey ;  in  Pennsylvania  it  rises  over  Mount  Kittatinny  to  a 
height  of  1,600  feet,  then  descends  800  feet  into  a  valley,  and, 
again  rising,  reaches  the  summits  of  mountains  2,000  feet  above 
sea-level.  Crossing  the  valley  of  the  Susquehanna  at  an  elevation 
of  only  500  feet,  the  line  mounts  the  Alleghenies  diagonally,  and 
runs  over  them  at  a  height  of  2,100  feet. 

The  paper  proceeds  to  describe  certain  marked  features  of 
glaciated  areas.  South  of  New  England,  the  terminal  line  is 
characterized  by  a  series  of  glacial  hills,  100  to  800  feet  high. 
These  are  also  observable  in  New  Jersey,  near  Plainfield  and 
Menio  Park. 

Among  the  most  interesting  results  of  the  author's  survey  in 
Ohio,  was  the  demonstration  of  the  existence  of  an  ice-dam  across 
the  river  at  Cincinnati.  The  line  bounding  the  glacial  accumu- 
lations crosses  the  Ohio  river  into  Kentucky  near  the  boundary 
between  Campbell  and  Pendleton  counties,  about  twenty-five  miles 
above  Cincinnati,  and  recrosses  it  near  Aurora,  Ind.,  about  twenty- 
five  miles  below  Cincinnati,  thus  filling  the  channel  for  about  fifty 
miles  of  its  course.  The  Ohio,  it  should  be  said,  occupies, 
throughout  nearly  its  whole  extent,  a  narrow  valley  of  erosion, 
not  often  more  than  a  mile  wide,  and  from  300  to  500  feet  deep. 
Emptying  into  the  main  channel  there  are  subordinate  channels 
all  along,  of  smaller  dimensions,  but  of  nearly  equal  depth.  The 
proofs  that  the  ice  bodily  crossed  the  river  at  the  points  indicated 
are,  that  till  and  granitic  bowlders  are  found  on  the  Kentucky 
hills  south  of  the  river  to  a  certain  distance,  and  not  beyond  it. 

To  the  question,  Why  is  the  boundary  of  the  glaciated  area  so 
crooked?  the  author  replied  at  some  length;  assigning  as  a 
principal  cause,  aside  from  differences  of  level,  the  probability 
that  unequal  amounts  of  snow  fell  over  difiTerent  regions  to  the 
north.  The  efiTect  of  such  differences  of  accumulating  snowfall,  in 
determining  the  extension  of  the  glacial  outline,  is  illustrated  by 
supposing  that  two  loads  of  sand  are  placed  in  one  pile,  and  one 
load  in  an  adjoining  pile,  when  the  sand  will  flow  downward  to 
unequal  distances  upon  a  level. 

A  little  reflection  will  show  that  the  glacial  theory  will  not 
make  extravagant  suppositions  as  to  the  amount  of  ice  required. 
The  ice  was  indeed  6000  feet  deep  over  New  England,  and,  very 
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likely,  of  an  equal  depth  over  the  area  to  the  west ;  bat  it  is  not 
necessary  to  suppose  a  great  increase  of  this  depth  to  the  north. 
All  that  is  necessary  is  to  suppose  great  accumulations  of  ice  to 
the  north  of  the  gianitic  hills  of  Canada,  starting  a  movement 
past  them  to  the  south.  This  movement  may  have  been  kept  up 
toward  the  margin  by  fresh  accumulations  of  snow  upon  the 
spreading  glacier.  An  accumulation  of  snow  over  the  glacier  in 
any  part  of  it  would  spend  its  effective  force  in  giving  impetus  to 
.  the  movement  of  the  front  along  the  lines  of  least  resistance. 


Genetic  Classification  op  the  Stony  Drift  Clats.    By  T.  C. 
Chambeblin  of  Beloit,  Wis. 

[ABSTRACT.] 

In  a  somewhat  extensive  study  of  the  drift  east  of  the  Rocky 
mountains,  the  importance  of  a  more  complete  genetic  classifica- 
tion of  the  drift  had  been  felt  by  the  speaker.  In  so  far  as  it  is 
possible  to  do  so,  it  is  important  to  determine  the  origin  of  any 
given  drift  deposit  by  its  inherent  characteristics,  for  in  the  closer 
distinctions  which  the  progress  of  this  department  of  science  now 
demands,  stratigraphical  and  other  extraneous  characters  often 
fail  to  present  decisive  criteria.  This  is  especially  true  of  the 
pebble  and  bowlder  clan's.  Certain  of  them  seem  to  be  plainly  of 
glacial  formation,  while  others  are  as  certainly  to  be  assigned  a 
different  origin.  The  discrimination  between  them  on  the  basis  of 
inherent  constitution  is  one  of  extreme  difficulty,  and  only  partial 
success  can  be  expected,  but  the  attempt  is  none  the  less  impor- 
tant. 

1.  One  characteristic  difference  between  the  classes  of  drift  " 
clays  is  the  manner  in  which  pebbles  and  bowlders  are  embedded 
in  them.  In  subaqueous  clays,  lines  of  lamination,  in  some  por- 
tions of  the  deposit,  at  least,  are  to  be  expected,  and  these  are 
often  seen  to  be  depressed  beneath  the  enclosed  pebbles  or  l)owlders, 
as  if  the  latter  had  been  dropped  upon  a  yielding  suiface  of  clay, 
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while  the  laminse  above  cui*ve  over  the  erratics  conformably  to 
them,  indicating  subsequent  deposition.  This  is  regarded  as  a 
decisive  criterion,  though  not  universally  applicable,  since  all  sub- 
aqueous drift  is  not  distinctly  laminated. 

2.  Again  in  subaqueous  clays,  the  pebbles  and  bowlders  are 
found  to  be  commonly  in  that  position  in  which  they  would  be 
likely  to  strike  on  falling  through  water  upon  soft  clay.  In  the 
true  glacial  clays,  on  the  contrary,  the  rock  fragments  have  been 
obsen'ed  to  have  no  definite  or  uniform  position.  This  again, 
where  applicable,  is  an  impoi*tant  discrimination. 

3.  The  distribution  of  bowlders  through  the  two  clays  is  another 
means  of  discrimination.  In  subaqueous  clays  the  bowlders  are 
observed  to  be  distributed  with  such  uniformity  as  the  law  of 
hazard  would  prescribe.  In  the  glacial  clays  proper,  on  the  other 
hand,  there  is  a  manifest  tendency  to  a  clustering  of  the  bowlders. 
Currents  would  of  course  modify  the  distribution  of  bowlders  in 
subaqueous  clays.  Other  agencies  also  might  operate  to  effect  the 
same  result,  but  the  general  lack  of  uniformity  of  distribution  of 
bowlders  through  the  one  class  and  of  clustering  through  the 
other  is  of  wide  application. 

4.  The  surface  contours  of  the  glacial  and  subaqueous  clays 
afford  a  still  further  means  of  distinction.  The  latter  are,  in 
general,  characterized  by  plane  topography,  while  the  former  gen- 
erally present  several  distinct  phases  of  irregularity.  Aside  from 
the  peculiar  surface  aspects  of  the  moraine  ridges,  the  lenticular 
or  elliptical  hills  present  a  distinct  type  of  glacial  accumulation. 
Allied  to  these  two  diverse  classes,  there  are  two  prevalent  sys- 
tems of  linear  ridging  of  drift,  the  one  parallel  to  glacial  move- 
ment and  the  other  transverse  to  it ;  the  former,  perhaps  due  to 
the  influence  of  preexisting  irregularities  of  surface  and  of  rock- 
resistance,  determining  a  tendency  to  flow  in  channels,  the  latter 
to  secular  and  seasonal  advances  of  the  ice.  Both  of  them  grade 
away  into  unclassifiable  ii-regularities.  Other  means  of  discrimi- 
nation, less  specific,  or  less  capable  of  brief  statement,  may  be 
found  ;  but  combining  the  testimony  of  all,  there  are  still  certain 
pebbly  clays  that  as  yet  elude  positive  identification  by  means  of 
their  inherent  natures,  whatever  judgment  of  them  may  be  based 
upon  external  considerations. 

The  gradations  of  one  type  into  another  present  grave  diffi- 
culties. 

A.  A.  A.  s.,  VOL.  xxxn  14 
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The  Character  op  the  Outer  Border  op  the  Drift.    By  T. 
C.  Chamberlin  of  Beloit,  Wis. 

[abstract.] 

West  Oi  the  Scioto  valley  in  Ohio  the  extreme  outer  border  of 
the  drift  is  not  usually  marked,  so  far  as  the  writer's  observations 
have  extended,  by  any  definite  moraine,  applying  that  term  only 
to  ridged  aggregations  of  drift  due  to  the  foi-cible  action  of  gla- 
cier ice.  East  of  that  point  on  or  near  the  mai^n,  definite 
Kiorainic  ridges  prevail.  Outside  of  these  is  the  so-called  glacial 
fringe,  a  border  of  thin  drift  or  scattered  bowlders. 

In  the  western  interior,  however,  an  analogous  phenomenon  at- 
tains a  much  more  important  development.  The  drift  raai-gin 
here  graduates  away  to  a  vanishing  edge.  In  some  portions,  es- 
pecially in  Dakota,  bowlders  constitute  almost  the  entire  portion 
positively  referable  to  drift.  These  repose  upon  residuary  mate- 
rial of  local  ongin.  This  border  of  thin  discontinuous  drift 
reaches  its  greatest  extension  in  Dakota,  west  of  the  Missouri 
river.  In  this  region  glacial  clay  and  gravel  are  quite  limited  in 
quantity,  the  peripheral  drift  consisting  very  largely  of  archsean 
bowlders,  there  being  but  few  of  palaeozoic  limestone.  These 
bowlders  are  notably  clustered,  the  groups  being  gathered  mainly 
on  prominences,  the  intermediate  depressions  and  even  many  of 
the  eminences  being  comparatively  free  from  them.  The  clusters 
lie  at  unequal  altitudes  and  repose  sometimes  on  summits  and 
sometimes  on  slopes.  West  of  the  Missouri  river  there  is  little  or 
no  evidence  of  glacial  ploughing,  the  topography  being  mainly  of  the 
drainage  type.  East  of  the  river,  in  general,  the  erosion  topography 
is  noticeably  subdued.  The  Missouri  does  not,  however,  accu- 
rately mark  the  transition  from  the  one  type  to  the  other. 

West  of  Pierre  there  are  but  few  bowlders,  but  on  the  east  bluffs 
there  is  an  extraordinary  accumulation  of  them.  At  other  points, 
where  studied,  the  proximate  border  was  found  marked  b}'  an  un- 
usual accumulation  of  bowlders,  beyond  which  thece  was  a  scat- 
tered distribution  for  a  considerable  distance. 
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The  Terminal  Moraines  op  the  Later  Epoch.    By  T.  C.  Cham- 
BERUN  of  Beloit,  Wis. 

[abstract.] 

The  marginal  accumulations  thus  far  discussed  mark  the  ex- 
treme limit  of  glaciation,  and,  in  the  interior  regions,  belong  to 
the  earlier  glacial  epoch. 

Turning  to  the  border  of  the  later  drift,  we  may  recall  that  in 
1873,  an  investigation  of  a  peculiar  line  of  drift-hills  in  eastern 
Wisconsin,  locally  known  as  the  Potash  Kettle  Range,  which  it  had 
been  suggested  represented  an  old  beach  line,  was  undertaken. 

Investigation  soon  developed  evidence,  that,  instead  of  a  beach 
line,  the  range  is  a  moraine.  The  region  affords  exceptional  ad- 
vantages for  securing  decisive  data,  and  results  essentially  demon- 
strative are  attainable.  These  show  that  the  Kettle  Range  is  an 
intcrlobate  moraine  formed  jointly  by  glacial  lobes  occupying  the 
valleys  of  Lake  Michigan  and  Green  Bay  respectively.  It  was 
found  that  this  moraine  bifurcates  in  southern  Wisconsin,  one  por- 
tion continuing  southward,  nearly  parallel  to  the  shore  of  Lake 
Michigan,  while  the  other  curves  to  the  west  and  then  north  form- 
ing a  broad  loop  outlining  the  glacial  tongue  that  then  occupied 
the  Green-bay-Rock-river  valley. 

From  this  initial  region  the  observations  of  the  writer  have 
extended  along  these  two  branches  eastward  and  westward,  and, 
in  connection  with  the  work  of  others,  have  shown  an  essentially 
continuous  morainic  chain  to  the  Atlantic  on  the  one  hand,  an^  the 
British  Possessions  on  the  other.  The  looped  disposal  of  the 
moraine,  accompanied  by  reentrairt  angles  and  interlobate  projec- 
tions, signifying  an  extremely  lobed  ice  margin,  and  divergent  in- 
ternal ice-movements,  has  been  found  to  prevail  throughout  the 
interior.  The  distribution  of  these  great  loops  was  traced  by  the 
writer  upon  the  map,  and  their  significant  relations  to  the  great  val- 
leys indicated.  The  irregularities  of  the  development  of  the  mo- 
raine were  referred  to  and  associated  with  topographical  relations. 

In  response  to  interrogation  as  to  the  time  relations  between  the 
older  and  the  newer  drifts.  Professor  Chamberlin  stated  that 
one  of  the  best  bases  of  estimation  was  to  be  found  in  the  amounts 
of  erosion  suffered  by  the  regions  of  older  and  younger  drifts  re- 
spectively. Attention  was  called  to  the  fact  that  the  lakes  are 
almost  entirely  confined  to  the  region  north  of  the  terminal  mo- 
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raine  of  the  second  epoch.  Professor  Chamberlin  regards  the 
erosion  suffered  by  the  older  drift  area  as  fully  twice  that  of  the 
region  north  of  the  terminal  moraines  of  the  second  epoch. 

Incidentally  in  the  discussion,  the  theory  recently  advanced  by 
Jamieson  that  the  larger  lake  basins  are  due  in  part  to  a  depres- 
sion of  the  crust  caused  by  the  accumulation  of  the  ice  was  en- 
dorsed qualifiedly.  Dr.  Chamberlin  had,  previous  to  a  knowledge 
of  Mr.  Jamieson's  views,  gathered  data  pointing  to  the  same  con- 
clusion. Preglacial  erosion  had  done  much  to  form  these  basins 
and  glacial  corrasion  something  additional ;  but  neither  of  these, 
nor  both  combined,  are  thought  to  furnish  an  adequate  explanation 
of  the  phenomena  presented.  An  additional  cause  of  some  po- 
tency is  believed  to  be  found  in  the  influence  of  ice  occupancy. 
In  the  discussion  following,  exception  was  taken  to  this  hypothesis 
of  depression  caused  by  ice  accumulation.  The  principle,  how- 
ever, is  regarded  by  Dr.  Chamberlin  as  one  of  wide  application, 
depression  being  caused  by  accumulations  of  sediment  in  regions 
of  detrital  deposit,  as  well  as  by  ice.  This  affords  an  easy  expla- 
nation of  the  subsidences  which  have  accompanied — pari  passu — 
great  detrital  accumulations. 

The  basins  of  the  Great  Lakes  are  regarded  as  due  to  the  joint 
agencies  of  preglacial  erosion,  glacial  corrasion,  glacial  accumu- 
lations, blocking-up  outlets,  depressions  due  to  ice  occupancy  and 
general  crust  movements,  together  with  possible  unascertained 
agencies. 


Relation  of  the  glacial  dam  at  Cincinnati  to  the  terraces  in 
THE  upper  Ohio  and  its  tributaries.  By  I.  C.  White  of 
Morgantown,  W.  Va. 

[ABSTRACT.] 

This  paper,  in  the  absence  of  its  author,  was  read  by  Professor 
Winchell. 

In  a  paper  read  before  the  Boston  Society  of  Natural  History, 
March  7,  1883,  Rev.  G.  F.  Wright  showed  that  the  southern  rim 
of  the  great  northern  ice-sheet  covered  the  Ohio  river  near  the  site 
of  New  Richmond,  a  few  miles  above  Cincinnati ;  and  presented 
the  hypothesis,  that  one  effect  of  this  invasion  of  the  Ohio  valley 
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by  the  glacial  ice  was  to  form  an  immense  dam  of  ice  and  morainic 
debris^  which  eflfectaall y  closed  the  old  channel  way,  and  set  back 
the  water  of  the  Ohio  and  its  tributaries  until,  rising  to  the  level 
of  the  Licking  River  divide,  it  probably  found  an  outlet  through 
Kentucky,  around  the  glacial  dam.  .The  writer  of  the  essay, 
after  reviewing  the  evidence,  regards  Mr.  Wright's  hypothesis  as 
proved  beyond  a  reasonable  doubt.  He  also  claimed,  that  during 
the  period  of  the  continuance  of  the  dam,  the  principal  tributaries 
of  the  Ohio  had  their  valleys  filled  with  sediment  carried  down  and 
dumped  into  them  by  the  mountain  torrents  and  other  streams 
which  drained  the  area  south  from  the  glaciated  region ;  that,  sub- 
sequently, when  the  baiTier  disappeared  the  rivers  recut  their 
channels  through  the  silt  deposits,  probably  by  spasmodic  lower- 
ing of  the  dam,  in  such  a  manner  as  to  leave  the  deposits  in  a  series 
of  more  or  less  regular  terraces,  which  in  favored  localities  subse- 
quent erosion  has  failed  to  obliterate,  though  from  steep  slopes  it 
has  removed  their  every  trace.  The  elevation  of  this  dam  at  Cin- 
cinnati, as  determined  from  the  upper  limit  of  the  fifth  Mononga- 
hela  River  terrace,  would  be  somewhere  about  625  feet  above  low 
water  there  in  the  present  Ohio. 

In  discussing  this  paper,  Professor  Lesley  said  there  were  two 
separate  glacial  formations  to  be  considered,  and  the  two  could 
not  be  correlated.  The  ice-dam  accounted  perfectly  for  all  the 
facts  with  regard  to  the  terraces  along  the  Monongahela,  and  he 
sustained  Professor  Wright's  conclusions. 


The  Minnesota  Valley  in  the  Ice  Age.  By  Warren  Upham  of 
Minneapolis,  Minn. 

This  essay  is  based  upon  my  observations  as  assistant  on  the 
geological  and  natural  history  survey  of  Minnesota,  from  1879  to 
the  present  time,  under  the  direction  of  Prof.  N.  H.  Winchell,  the 
state  geologist.  Some  portions  of  it  have  been  before  published 
in  the  annual  reports,  and  others  are  here  presented  in  advance 
from  manuscripts  prepared  for  the  final  reports  of  this  survey. 

The  Minnesota  river,  from  which  this  state  is  named,  has  its 
highest  and  most  remote  sources  upon  the  Coteau  des  Prairies, 
about  2000  feet  above  the  sea.      Its  heatl-stream,  after  flowing 
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eastward  twenty  miles,  turns  southerly  at  Brown's  Valley,  and 
enters  the  northwest  end  of  Big  Stone  lake.  Here  and  in  its 
whole  extent  thence  to  its  mouth,  the  Minnesota  river  occupies  a 
very  remarkable  valley,  the  origin  of  which  was  first  explained  in 
1868  by  Gren.  G.  K.  Warren,  who  attributed  it  to  the  outflow  from 
an  ancient  lake  that  filled  the  basin  of  the  Red  river  and  Lake 
Winnipeg.  This  valley  or  channel  begins  at  the  northern  part  of 
Lake  Traverse,  and  first  extends  southwest  to  the  head  of  this  lake, 
thence  southeast  to  Mankato,  and  next  north  and  northeast  to  the 
Mississippi  at  Fort  Snelling,  its  length  being  about  two  hun- 
dred and  fifty  miles.  Its  width  varies  from  one  to  four  miles,  and 
its  depth  is  from  one  hundred  to  two  hundred  and  twenty-five  feet. 
The  country  through  which  it  lies,  as  far  as  Carver,  about  twenty- 
five  miles  above  its  junction  with  the  Mississippi,  is  a  nearly  level 
expanse  of  till,  only  moderately  undulating,  with  no  prominent 
hills  or  notable  depressions,  excepting  this  deep  channel  and  those 
formed  by  its  tributary  streams.  Below  Carver  it  intersects  a  belt 
of  terminal  moraine,  composed  of  hilly  till.  Its  entire  course  is 
through  a  region  of  unmodified  drift,  which  has  no  exposures  of 
solid  rock  upon  its  surface. 

Bluffs  in  slopes  from  twenty  to  forty  degrees,  and  rising  one 
hundred  to  two  hundred  feet  to  the  general  level  of  the  country, 
form  the  sides  of  this  trough-like  valley.  They  have  been  pro- 
duced by  the  washing  away  of  their  base,  leaving  the  upper  por- 
tion to  fall  down  and  thus  take  its  steep  slo[>es.  The  river  in 
deepening  its  channel  has  been  constantly  changing  its  course,  so 
that  its  current  has  been  turned  alternately  against  the  opposite 
sides  of  its  valley,  at  some  time  undermining  every  portion  of 
them.  In  a  few  places  this  process  is  still  going  forward,  but  mainly 
the  course  of  the  Minnesota  river  is  in  the  bottomland.  Compar- 
atively little  excavation  has  been  done  by  the  present  river.  As 
we  approach  its  source  it  dwindles  to  a  small  stream  flowing 
through  long  lakes,  and  we  finally  pass  to  Lake  Traverse,  which 
empties  northward ;  yet  along  the  upper  Minnesota  and  at  the 
divide  between  this  and  the  Red  river,  this  valley  or  channel  and 
its  enclosing  bluffs  are  as  remarkable  as  along  the  lower  part  of 
the  Minnesota  river.  It  is  thus  clearly  shown  to  have  been  the 
channel  of  outflow  from  a  lake  formerly  extending  northward 
from  Lake  Traverse  along  the  Red  river  valley.  The  existence 
of  this  body  of  water  is  believed  to  have  been  due  to  the  barrier 
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of  the  receding  continental  ice-slieet,  obstructing  the  natural 
coarse  of  drainage  northward  as  at  present  to  Hudson  bay ;  and 
it  is  therefore  called  Lake  Agaasiz^  in  memory  of  Professor  Louis 
Agassiz,  the  first  prominent  advocate  of  the  theory  that  the  drift 
was  produced  by  land-ice.  The  shore-line  of  this  lake,  when  it 
stood  at  its  highest  level,  marked  by  a  distinct  beach  of  gravel 
and  sand,  upon  a  surface  which  on  each  side  of  this  beach  is 
chiefly  till,  has  been  traced  continuously  175  miles,  from  Lake 
Traverse  easterly  to  Herman  and  thence  northerly  to  Maple  lake, 
twenty  miles  east-soutbeast  from  Crookston.  The  height  of  this 
beach  has  been  ascertained  at  the  same  time,  by  levelling  along 
this  entire  distance. 

The  Minnesota  valley  in  many  places  cuts  through  the  sheet  of 
drift  and  reaches  the  underlying  rocks,  which  have  frequent  ex- 
posures along  its  entire  course  below  Big  Stone  lake.  This 
excavation  shows  that  the  thickness  of  the  general  drift-sheet  upon 
this  part  of  Minnesota  averages  about  one  hundred  and  fifty  feet. 
The  contour  of  the  old  rocks  thus  brought  into  view  is  much  more 
uneven  than  that  of  the  drift.  In  the  hundred  miles  from  Big 
Stone  lake  to  Fort  Ridgely  the  strata  are  metamorphic  gneisses 
and  granites,  which  often  till  the  entire  valley,  one  to  two  miles 
wide,  rising  in  a  profusion  of  knolls  and  hills,  50  to  100  feet  above 
the  river.  The  depth  eroded  has  been  limited  here  by  the  presence 
of  these  rocks,  among  which  the  river  flows  in  a  winding  course, 
crossing  them  at  many  places  in  rapids  or  falls.  From  New  Ulm 
to  its  mouth  the  river  is  at  many  places  bordered  by  Cretaceous 
and  Lower  Silurian  rocks,  which  are  nearly  level  in  stratification. 
These  vary  in  height  from  a  few  feet  to  50  or  rarely  75  or  100  feet 
above  the  river.  From  Mankota  to  Ottawa  the  river  occiTpies  a 
valley  cut  in  Shakopee  limestone  underlain  by  Jordan  sandstone, 
which  form  fi-equent  bluff's  upon  both  sides,  50  to  75  feet  high. 
After  excavating  the  overlying  125  to  150  feet  of  till,  the  river 
here  found  a  former  valley,  eroded  by  preglacial  streams.  Its 
bordering  walls  of  rock,  vaiying  from  one-fourth  of  a  mile  to  at 
least  two  miles  apart,  are  in  many  portions  of  this  distance  con- 
cealed by  drift,  which  alone  forms  one  or  both  sides  of  the  Valley. 
The  next  point  at  which  the  river  is  seen  to  be  enclosed  by  rock- 
walls  is  in  its  last  two  miles,  where  it  flows  between  bluff's  of 
Trenton  limestone  underlain  by  St.  Peter  sandstone,  100  feet  high, 
and  about  a  mile  apart.    This  also  is  a  preglacial  channel,  its 
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further  continuation  being  occupied  by  the  Mississippi  river.  The 
only  erosion  effected  by  the  Minnesota  river  here  has  been  to  clear 
away  a  part  of  tlie  drift  with  which  the  valley  was  filled.  Its 
depth  at  some  earlier  time  was  much  greater  than  now,  as  shown 
by  the  salt-well  on  the  bottomland  of  the  Minnesota  river  at  Belle 
Flaine,  where  202  feet  of  stratified  gravel,  sand  and  clay  were 
penetrated  before  reaching  the  rock.  The  bottom  of  the  pi-e- 
glacial  channel  there  is  thus  at  least  1G5  feet  lower  than  the  mouth 
of  the  Minnesota  river. 

Heights  of  the  bluffs,  which  form  the  sides  of  the  valley,  com* 
posed  of  till,  enclosing  layers  of  gravel  and  sand  in  some  places, 
and  frequently  having  rock  at  their  base,  are  as  follows,  stated  in 
feet  above  the  lakes  and  river:  along  Lake  Traverse,  100  to  125  ; 
at  Brown's  Valley  and  along  Big  Stone  lake,  mainly  about  125, 
the  highest  portions  reaching  150 ;  at  Ortonville,  130 ;  at  Lac  qui 
Parle  and  Montevideo,  100 ;  at  Granite  Falls,  150 ;  at  Minnesota 
Falls,  165;  thence  to  Redwood  Falls,  Fort  Ridgly  and  New 
Ulm,  165  to  180 ;  at  Mankato,  200  to  225 ;  at  Saint  Peter  and 
Ottawa,  220  to  230 ;  at  Le  Sueur  and  Henderson,  210  to  225  ;  at 
Belle  Plaine  and  Jordan,  about  230  ;  and  at  Shakopee,  210  to  220. 
The  morainic  hills  through  which  this  valley  extends  below  Shak- 
opee are  225  to  250  feet  in  height.  The  expanse  of  till  thi-ough 
which  this  channel  is  eroded  slopes  from  1125  feet  above  the  sea 
at  Big  Stone  lake  to  975  at  Mankato,  in  140  miles ;  and  thence  it 
descends  to  925  at  Shakopee,  in  50  miles.  This  channel,  or  val- 
ley, of  the  Minnesota  river,  lies  nearly  midway  between  the  belt, 
on  its  northeast  side,  of  medial  and  terminal  moraines,  that  ex- 
tends from  Lake  Minnetonka  150  miles  northwest  to  the  Leaf 
hills,  and  the  Coteau  des  Prairies  on  its  southwest  side  ;  towaixl 
each  of  which,  some  fifty  miles  distant  from  this  river,  there  is  a 
gentle  ascent,  sufficient  to  cause  drainage  to  follow  this  central 
line. 

The  height  of  Lake  Traverse  is  970  feet  above  the  sea ;  the 
lowest  point  in  Brown's  valley  between  this  and  Big  Stone  lake  is 
only  three  feet  above  Lake  Traverse  ;  Big  Stone  lake  is  962  feet 
above  the  sea,  or  eight  feet  below  Lake  Traverse ;  and  the  mouth 
of  the  Minnesota  river  is  690  feet  above  the  sea,  the  descent  fix)m 
Big  Stone  lake  to  the  mouth  of  the  river  being  272   feet. 

Lakes  Traverse  and  Big  Stone  are  from  one  to  one  and  a  half 
miles  wide,  mainly  occupying  the  entire  area  between  the  bases 
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of  the  Bluffs,  which  rise  about  one  hundred  and  twent3'-five  feet 
above  them.  Lake  Traverse  is  fifteen  miles  long ;  it  is  mostly  less 
than  ten  feet  deep,  an  I  its  greatest  depth  probably  does  not 
reach  twenty  feet.  Big  Stone  lake  is  twenty-six  miles  long,  and 
its  greatest  deptli  is  reported  to  be  from  fifteen  to  thirty  fee*^^. 
The  portion  of  the  channel  between  these  lakes  is  widely  known 
as  Brown's  valley.  As  we  stand  upon  the  bluffs  here,  looking 
down  on  these  long  and  narrow  lakes  in  their  trough-like  valley, 
which  extends  across  the  five  miles  between  them,  where  the 
basins  of  Hudson  bay  and  the  Gulf  of  Mexico  are  now  divided,  we 
have  nearly  the  picture  which  was  presented  when  the  melting 
ice-sheet  of  British  America  was  pouring  its  floods  along  tliis 
hollow.  Then  the  entire  extent  of  the  valley  was  doubtless  filled 
every  summer  by  a  river  which  covered  all  the  present  areas  of 
flood-plain,  in  many  places  occupying  as  great  width  as  these 
lakes. 

Grcn.  Warren  observed  that  Lake  Traverse  is  due  to  partial  silt- 
ing up  of  the  channel  since  the  outflow  from  the  Red  river  basin 
ceased,  the  Minnesota  river  at  the  south  having  brought  in  suffic- 
ient alluvium  to  form  a  dam ;  while  Big  Stone  lake  is  similarly 
referred  to  the  sediment  brought  into  the  valley  just  below  it  by 
the  Whetstone  river.  Fifteen  miles  below  Big  Stone  lake,  the 
Minnesota  river  flows  through  a  marshy  lake  four  miles  long  and 
about  a  mile  wide.  This  may  be  due  to  the  accumulation  of  al- 
luvium brought  into  the  valley  by  the  Pomme  de  Terre  river, 
which  has  its  mouth  about  two  miles  below.  Twenty-flve  miles 
from  Big  Stone  lake,  the  river  enters  Lao  qui  Parle,  which  extends 
eight  miles,  with  a  width  varying  from  one-fourth  to  three-fourths 
of  a  mile  and  a  maximum  depth  of  twelve  feet.  This  lake,  as 
Gen.  WaiTen  suggested,  has  been  formed  by  a  barrier  of  strati- 
fie<l  sand  and  silt  which  the  Lac  qui  Parle  river  has  thrown  across 
the  valley.  He  also  showed  that  Lake  Pepin  on  the  Mississippi 
is  dammed  in  tlie  same  way  by  the  sediment  of  the  Chippewa 
river ;  and  that  Lake  St.  Croix  and  the  last  thirty  miles  of  the 
Minnesota  river  are  similarly  held  as  level  back-water  by  the  re- 
cent deposits  of  the  Mississippi. 

All  the  tributaries  of  the  Minnesota  river  have  cut  deeply  into 
the  drift,  because  the  main  valley  has  given  them  the  requisite 
slope.  The  largest  of  these  extend  many  miles,  and  have  their 
mouths  level  with  the  bottomland  of  the  Minnesota  river.    The 
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bluffs  of  all  these  valleys  are  also  everywhere  seamed  and  gullied 
by  frequent  rills  and  springs,  many  of  which  flow  only  after  rains. 
Few  of  the  large  inlets  have  any  great  amount  of  sediment  depos- 
ited opposite  their  mouths,  showing  that  their  excavation  was 
mostly  done  at  the  same  time  with  that  of  the  main  valley.  The 
short  ravines  are  more  recent  in  their  origin,  and  the  material 
that  filled  their  place  is  commonly  spread  in  fan-shaped,  moder- 
ately sloping  banks  below  their  mouths,  which  are  kept  at  a 
height  from  30  to  40  feet  above  the  present  flood-plain.  The  road 
from  Fort  Ridgely  to  New  Ulm  runs  along  the  side  of  the  bluff 
at  the  only  height  where  a  nearly  level  straight  course  could  be 
obtained,  being  just  above  these  deposits  and  below  the  ra- 
vines. 

The  valleys  of  the  Pomme  de  Terre  and  Chippewa  rivers,  75  to 
100  feet  deep  along  most  of  their  course,  and  one-fourth  of  a  mile 
to  one  mile  in  width,  were  probably  avenues  of  drainage  from  the 
melting  ice-fields  in  their  northward  retreat.  Between  these 
rivers,  in  the  twenty-two  miles  from  Appleton  to  Montevideo,  the 
glacial  floods  at  first  flowed  in  several  channels,  which  are  exca- 
vated 40  to  80  feet  below  the  general  level  of  tlie  drift-sheet,  and 
vary  from  an  eighth  to  a  half  of  a  mile  in  width.  One  of  these, 
starting  from  the  bend  of  the  Pomme  de  Terre  river,  one  and  a 
half  miles  east  of  Appleton,  extends  fifteen  miles  southeast  to 
the  Chippewa  river  near  the  centre  of  Tunsburg.  This  old 
channel  is  joined  at  Milan  station  by  another,  which  branches  off 
from  the  Mianesota  valley,  running  four  miles  east-southeast; 
it  is  also  joined  at  the  northwest  corner  of  Tunsburg  by  a  very 
notable  channel  which  extends  eastward  from  the  middle  of  Lac 
qui  Parle.  The  latter  channel,  and  its  continuation  in  the  old 
Pomme  de  Terre  valley  to  the  Chippewa  river,  are  excavated 
nearly  as  deep  as  the  channel  occupied  by  the  Minnesota  river. 
Its  west  portion  holds  a  marsh  generally  known  as  the  "Big  slough.** 
Lac  qui  Parle  would  have  to  be  raised  only  a  few  feet  to  turn  it 
through  this  deserted  valley.  The  only  other  localities  where  we 
have  proof  that  the  outflow  from  Lake  Agassiz  had  more  than  one 
channel  are  seven  and  ten  miles  below  Big  Stone  Lake,  where 
isolated  remnants  of  the  general  sheet  of  till  occur  south  of 
Odessa  station  and  again  three  miles  southeast.  Each  of  these 
former  islands  is  alx)ut  a  mile  long,  and  rises  75  feet  above  the 
surrounding   lowland,  or  nearly  as   high  as  the  bluffs  enclosing 
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the  valley,  which  here  measures  four  miles  across,  having  a  greater 
width  than  at  any  other  point. 

Terraces  and  high  plains  of  modified  drift,  found  in  many 
places  along  the  valley  of  the  Minnesota  river  from  New  Ulm  to 
i;s  mouth,  show  that  it  was  once  filled,  doubtless  at  the  close  of 
the  last  glacial  epoch,  with  stratified  gravel,  sand  and  clay,  to  a 
depth  75  to  150  feet  above  the  present  river.  The  remnants  of 
this  deposit  include  the  plateau  of  modified  drift,  about  a  mile 
long  and  an  eighth  of  a  mile  wide,  upon  which  the  west  and  high- 
est part  of  New  Ulra  is  built ;  a  terrace  in  section  27,  Courtland, 
opposite  the  southeast  part  of  New  Ulm,  more  than  a  mile  long 
and  about  an  eighth  of  a  mile  wide ;  a  larger  teiTace,  four  miles 
long  and  a  half  mile  wide,  lying  also  in  Courtland,  four  to  eight 
miles  southeast  from  New  Ulm,  upon  which  Courtland  depot  is 
situated;  a  terrace  extending  about  three  miles  northwest  from 
near  Minneopa  falls,  and  varying  from  a  few  rods  to  a  third  of  a 
mile  in  width ;  a  terrace  three  miles  long  east  and  south  of  Easota ; 
the  "sand  prairie,"  about  four  miles  long  and  averaging  a  mile 
wide,  west  and  north  of  Saint  Peter ;  Le  Sueur  prairie,  six  miles 
long  and  from  one  to  three  miles  wide,  beginning  east  of  Ottawa 
and  reaching  to  Le  Sueur ;  the  plain  five  miles  long  and  a  mile 
wide,  near  the  middle  of  which  Belle  Plaine  is  built ;  Spirit  hill 
and  "sand  prairie,"  southwest  and  northwest  of  Jordan  ;  a  terrace 
eight  miles  long  and  varying  from  a  few  rods  to  two  miles  in  width, 
extending  through  San  Francisco,  Dahlgren,  and  Carver;  and 
Shakopee  prairie,  eight  miles  long  and  averaging  one  mile  wide. 
The  height  of  these  terraces  and  plains  at  New  Ulm  is  about  115 
feet  above  the  river;  in  Courtland,  and  near  Minneopa  falls,  125 
to  150  feet ;  at  Kasota,  Saint  Peter  and  Le  Sueur,  about  150  feet ; 
i.t  Belle  Plaine,  about  135  ;  and  at  Jordan,  Carver  and  Shakopee, 
about  125.  Wells  on  the  "sand  prairie"  near  Saint  Peter  and  on 
Le  Sueur  prairie  go  through  sand  and  gravel,  sometimes  with 
layers  of  clay,  to  the  depth  of  75  or  100  feet,  finding  till  below. 
At  Belle  Plaine  the  sand  and  gravel  are  about  50  feet  deep,  under-" 
lain  by  till.  Shakopee  prairie  has  40  or  50  feet  of  this  modifled 
drift,  lying  upon  limestone.  The  principal  remnant  of  these 
deposits  seen  below  Shakopee  was  a  terrace  about  75  feet  high, 
an  eighth  to  a  third  of  a  mile  wide  and  four  miles  long,  extending 
through  Eagan  in  Dakota  county,  its  north  end  being  about  two 
miles  south  of  Fort  SncUing.    This  valley  was  first  excavated  in 
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till,  which  rises  in  continuous  bluffs  on  each  side  50  to  100  feet 
above  these  high  plains  and  terraces  of  modified  drift.  It  was 
afterward  filled  along  this  distance  of  one  hundred  miles  next  to 
its  mouth  with  fluvial  deposits  75  to  150  feet  thick,  sloping  about 
two  feet  per  mile,  through  which  the  channel  has  been  cut  anew. 

With  this  general  view  of  the  valley  of  the  Minnesota  river  as 
it  exists  to-day  we  are  prepared  to  inquire  more  particularly  what 
its  history  was  during  the  vicissitudes  of  the  ice  age  and  from  the 
Dlose  of  that  period  until  now.  Its  condition  at  the  beginning  of 
the  reign  of  ice  first  claims  consideration.  During  what  ages  was 
its  preglacial  rock-walled  channel  formed?  This  is  in  part  an- 
swered by  deposits  of  Cretaceous  clay  found  in  waterwom  hollows 
of  the  Shakopee  limestone  forming  the  walls  of  this  channel  at  nu- 
merous places  in  Blue  Earth,  Le  Sueur  and  Nicollet  counties,  and 
by  the  occurrence  in  this  valley  in  Courtland  and  New  Ulm  and 
near  Fort  Rldgely  and  Redwood  Falls,  of  Cretaceous  sandstone, 
clay  and  shale,  occasionally  containing  lignite.  It  is  thus  known 
that  before  the  Cretaceous  age,  when  western  Minnesota  and  the 
region  of  the  upper  Missouri  were  depressed  and  covered  by  the 
sea,  a  deep  channel  had  been  cut  by  some  river  in  the  Lower  Mag- 
nesian  strata  of  the  Minnesota  valley.  The  slopes  from  each  side 
toward  this  channel  appear  therefore  to  have  been  partly  like  those 
of  the  present  day.  The  direction  of  drainage  may  even  have 
been  the  same  as  now,  for  the  northeiii  part  of  the  Mississippi 
river  and  valley  has  probably  existed  since  the  middle  of  Falfieozoic 
time. 

Scanty  exposures  of  Cretaceous  strata  are  found  in  many  parts 
of  Minnesota,  enclosing  sometimes  marine  fossils,  sometimes  im- 
pressions of  leaves,  and  at  a  few  places  thin  layers  of  lignite. 
The  western  two-thirds  of  the  state  were  probably  covered  until 
the  glacial  period  by  deposits  of  this  age  which  have  now  been 
mainly  eroded,  with  much  from  the  underlying  Palaeozoic  rocks, 
.  and  constitute  a  part  of  the  drift,  irrecognizably  mingled  with 
detritus  and  boulders  that  have  been  brought  from  Laurentian 
and  Huronian  areas  far  to  the  north  and  northeast.  Excepting 
its  partial  submergence  by  the  sea  in  the  Cretaceous  age,  Minne- 
sota seems  to  have  stood  wholly  above  the  level  of  the  ocean  from 
the  beginning  of  the  Carboniferous  period  till  the  present  day. 

Before  the  ice  age  the  rocks  had  been  long  subjected  to  the 
ordinary  disintegrating  agencies  of  rain  and  frost.    Granite  and 
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gneiss  were  thus  generally  decomposed  in  place  to  considerable 
depths.  The  loose  material  resulting  from  such  decay  was  doubt- 
less spread  somewhat  evenly  over  the  surface,  collecting  to  the 
greatest  depth  in  valleys.  Except  where  it  had  been  transported 
by  streams  and  consequently  formed  stratified  deposits,  the  only 
fragments  of  rock  held  in  this  mass  would  be  from  underlying  or 
adjoining  rocks. 

During  the  ice  age  the  Cretaceous  strata,  mostly  unconsolidated, 
which  covered  western  Minnesota,  the  superficial  deposits  and 
decomposed  rock  produced  by  weathering,  and  the  alluvial  beds 
of  sand  and  gravel  along  the  river-courses,  were  mostly  ploughed 
ap  by  the  ice  and  thoroughly  kneaded  with  each  other.  Much 
detxitus  was  also  added  from  erosion  of  the  harder  rocks  beneath. 
Large  blocks  and  boulders,  often  already  formed  by  the  process 
of  weathering,  were  borne  away,  and  the  suiface  of  the  bed-rock 
was  worn  and  striated  by  boulders  and  pebbles,  which  were  rolled 
and  dragged  along  under  the  vast  weight  of  ice,  breaking  up  and 
grinding  themselves  and  the  underlying  rock  into  gravel,  sand, 
and  even  the  finest  clay. 

Ledges  of  decomposed  gneiss  and  granite,  found  in  the  Minne- 
sota valley  at  many  points  from  Minnesota  Falls  to  Fort  Ridgely, 
with  their  surface  changed  to  a  soft,  earthy  or  clayey  mass,  resem- 
bling kaolin,  and  the  Cretaceous  beds  before  mentioned,  both  of 
which  would  readily  yield  to  eroding  agencies,  show  that  the 
moving  ice-sheet  did  not  everywhere  plough  up  all  the  loose  mate- 
rial under  it.  A  considerable  depth,  however,  has  probably  been 
removed  ;  and  these  may  be  scanty  remnants  of  thick  beds  which 
covered  this  region  generally  before  the  glacial  period.  More 
commonly  the  ice-sheet  removed  all  such  material,  and  gathered 
a  part  of  its  drift  from  the  underlying  solid  rocks ;  as  is  shown  by 
their  being  frequently  rounded,  smoothed,  and  marked  with  par- 
allel furrows  and  scratches,  called  striae.  Similarly  scratched 
*>ebble8  and  boulders  are  found  in  the  glacial  drift.  These  were 
the  graving  tools  by  which  the  bed-rock  was  worn  and  striated. 
They  were  held  firmly  by  being  frozen  in  the  bottom  of  the  ice 
•and  were  pushed  forward  by  its  current,  which  thus  recorded  its 
direction.  Our  observations  of  glacial  strise  in  the  Minnesota 
valley  are  as  follows :  one  to  three  miles  southeast  from  the  foot 
of  Big  Stone  lake,  S.  E. ;  near  Odessa,  S.  E. ;  at  Granite  Falls,  in 
several  places,  S.  45''- 50''  E. ;  at  the  dam  of  O  K  mill,  Beaver 
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Falls,  S.  60**  E. ;  one  and  a  half  miles  west  from  Fort  Kidgely, 
S.  60"*  E. ;  at  Redstone,  one  and  a  half  miles  southeast  from  New 
Ulin,  S.  25°  E. ;  at  Jordan,  noted  by  Foss,  Wells  &  Co.,  in  quarry- 
ing and  on  the  site  of  their  mill,  S.  E. 

Within  the  till  are  frequently  found  layers  of  sand  or  gravel, 
which  yield  the  large  supplies  of  water  so  often  struck  in  digging 
wells.  Probably  many  of  these  veins  of  modified  drift  were  formed 
by  small  subglacial  streams  and  therefore  cannot  be  regarded  as 
marking  divisions  of  the  glacial  period,  nor  even  any  important 
changes  in  the  overlying  ice.  It  appears,  however,  by  shells, 
remains  of  vegetation,  and  trees,  found  deeply  buried  between 
glacial  deposits  in  this  and  adjoining  states,  that  the  ice  age  was 
not  one  unbroken  reign  of  ice,  but  that  this  retreated  and  read- 
vanced,  or  was  possibly  at  some  times  nearly  all  melted  upon  the 
northern  hemisphere  and  then  accumulated  anew.  Thus  periods 
of  ice  alternated  with  interglacial  epochs,  in  which  animal  and 
vegetable  life  spread  again  northward,  following  close  upon  the 
retreat  of  the  ice-fields.  By  each  new  advance  of  the  glacial  sheet 
much  of  the  previous  surface  would  be  ploughed  up  and  rede- 
posited  ;  hence  we  find  only  few  and  scanty  remnants  of  fossil- 
iferous  beds  in  the  glacial  drift.  At  the  disappearance  of  the 
last  ice-sheet  these  drifted  materials,  seldom  modified  by  water 
in  their  deposition,  formed  a  mantle  100  to  200  feet  thick,  which 
throughout  the  basin  of  the  Minnesota  river  almost  universally 
covered  the  older  rocks. 

Two  principal  glacial  epochs  can  be  especially  distinguished, 
each  subdivided  by  times  of  extensive  recession  and  readvance  of 
the  ice,  as  shown  by  features  of  the  drift  in  this  state.  In  the 
first  glacial  epoch,  when  the  ice  attained  its  greatest  area,  all  of 
Minnesota  except  its  southeast  corner  was  deeply  covered  by  the 
continental  ice-sheet,  and  its  border  was  several  hundred  miles 
south  of  this  district,  in  Nebraska,  Kansas,  Missouri,  and  south- 
ern Illinois,  Indiana  and  Ohio,  extending  somewhat  beyond  the 
Missouri  river,  but  terminating' north  of  the  Ohio  river,  except  m 
the  vicinity  of  Cincinnati,  where  it  reached  a  short  distance  across 
that  river  into  Kentucky,  as  recently  proved  by  Professor  Wright. 
In  the  later  very  severely  cold  epoch,  the  ice-fields  were  of  less 
extent,  and  terminated  in  the  central  part  of  the  United  States 
from  fifty  to  three  hundred  miles  within  their  earlier  limit,  covering 
all  the  basin  of  the  Minnesota  river,  but  not  enveloping  a  large 


Digitized  by 


Google 


GEOLOGY  AND  GEOGRAPHY.  223 

tract  in  the  southwest  coraer  of  Minnesota  and  leaving  uncovered 
a  much  larger  area  than  before  in  the  southeast  part  of  the  state. 
The  terminal  moraines  which  form  conspicuous  belts  of  rolling  and 
hilly  drift  in  Wisconsin,  Minnesota,  Iowa  and  Dakota,  were  accum- 
ulated at  the  boundaries  of  the  ice  of  the  last  glacial  epoch.  Be- 
tween these  epochs  the  ice  was  melted  away  within  the  basins  of 
the  Minnesota  and  Red  rivers,  and  probably  from  the  entire  state. 
The  greater  part  of  the  till  appears  to  have  been  deposited  by  the 
earlier  ice-sheet ;  and  dilring  its  retreat  this  till  was  overspread  in 
some  places,  especially  along  the  avenues  of  drainage,  by  beds  of 
modified  drift,  or  stratified  gravel,  sand  and  clay,  washed  from  the 
material  that  had  been  contained  in  the  ice  and  now  became  ex- 
posed upon  its  surface  to  the  multitude  of  rills,  rivulets  and  rivers 
that  were  formed  by  its  melting. 

In  the  principal  interglacial  epoch,  this  drift-sheet  was  chan- 
nelled by  water-courses  till  its  valleys  were  apparently  as  numerous 
and  deep  as  those  of  our  present  streams.  The  interglacial 
drainage  sometimes  went  in  a  different  direction  from  that  now 
taken  by  the  creeks  and  rivers  ;  and  the  valleys  then  excavated  in 
the  drift,  though  partly  refilled  with  till  during  the  last  glacial 
epKKjh,  are  still,  in  some  instances,  clearly  marked  by  series  of 
lakes,  as  in  Martin  county,  in  the  south  edge  of  Minnesota.  More 
commonly  the  interglacial  water-courses  must  have  occupied  nearly 
the  same  place  with  the  valleys  of  the  present  time ;  and  there 
seems  to  be  conclusive  proof  that  this  was  true  of  the  entire  valley 
of  the  Minnesota  river.  A  long  period  intervened  between  the 
great  glacial  epochs;  the  earlier  ice-sheet  gradually  retreated 
northward ;  a  lake  was  formed  in  the  Red  river  valley  by  the  re- 
ceding ice-barrier  on  the  north ;  the  outflow  from  this  lake,  and 
the  drainage  of  the  Minnesota  basin  itself,  appear  to  have  exca- 
vated the  valley  of  the  Minnesota  river  neaiiy  as  it  now  is  ;  and 
the  further  recession  of  the  ice-sheet  probably  even  allowed  the 
drainage  of  the  Red  river  basin  to  take  its  course  northward,  as 
now,  to  Hudson  bay,  this  being  indicated  by  fossiliferous  beds, 
containing  the  shells  and  vegetation  of  swamps,  and  trunks  of 
trees,  underlain  and  overlain  by  till,  within  the  area  that  had  been 
covered  by  this  interglacial  lake  and  was  afterward  occupied  by 
Lake  Agassiz  at  the  close  of  the  last  glacial  epoch. 

Since  all  this,  a  severely  cold  climate  again  prevailed,  accumu- 
lating a  vast  sheet  of  ice  once  more  upon  British  America  and 
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the  greater  part  of  Minnesota.  Beneath  this  glacial  sheet  the 
valley  of  the  Minnesota  river  was  partly  refilled  with  till,  but  it 
evidently  remained  an  important  feature  in  the  contour  of  the  land 
surface.  Perhaps  it  had  been  the  pathway,  along  the  lower  part  of 
its  extent,  of  a  subglacial  river  during  the  later  epoch  of  ice.  At 
the  final  melting  of  this  ice-sheet,  its  waters,  discharged  in  this 
channel,  quickly  removed  whatever  obstructing  deposits  of  drift  it 
bad  received  and  undermined  its  bluffs,  giving*  them  again  the 
steep  slopes  produced  by  fluvial  erosion.  This  partial  excavation 
and  sculpture  anew  were  then  immediately  followed,  during  the 
retreat  of  the  ice-sheet,  by  the  deposition  of  the  modified  drill 
seventy-five  to  one  hundred  and  fifty  feet  deep,  remnants  of  which 
occur  frequently  as  extensive  terraces  on  the  sides  of  this  valley, 
from  its  mouth  to  New  Ulm,  and  less  distinctly  beyond.  Had  not 
the  great  valley  existed  nearly  in  its  present  form  through  the  last 
glacial  epoch,  it  could  not  have  become  filled  with  this  modified 
drift,  which  must  belong  to  the  era  of  melting  of  the  last  ice- 
sheet. 

Modified  drift,  which  was  probably  deposited  during  the  reces- 
sion of  the  ice  of  the  earlier  glacial  epoch,  was  observed  near  New 
Ulm,  forming  a  thick  bed  of  stratified  gravel  and  sand  enclosed  in 
the  till.  The  section  showing  this  is  on  the  extension  of  Center 
street,  a  half  mile  west  of  New  Ulm,  where  it  rises  to  the  top  of 
the  bluff,  one  hundred  and  eighty  feet  above  the  river,  but  only 
some  one  hundred  feet  above  its  old  channel  which  lies  between 
New  Ulm  and  this  bluff.  The  height  here  reached  is  the  general 
level  of  the  vast  prairie  of  gently  undulating  till,  through  which 
the  Minnesota  valley  is  excavated.  The  grade  cuts  to  a  depth  of 
about  forty  feet  at  the  edge  of  the  bluff,  and  thence  ascends,  with 
decreasing  depth  of  cut,  along  a  distance  of  about  twenty-five 
rods,  to  the  surface  of  the  drift-sheet.  This  excavation  exhibits 
two  deposits  of  true  till,  separated  by  modified  drift  which  is 
probably  an  interglacial  formation,  supplied  at  the  time  of  final 
melting  of  the  earlier  ice-sheet  and  spread  beyond  its  receding 
margin  upon  the  unchannelled  surface  of  the  till  that  had  been 
formed  during  that  earlier  part  of  the  ice  age.  The  upper  bed  of 
till,  thus  apparently  representing  the  total  thickness  of  the  drift 
deposited  here  in  the  last  glacial  epoch,  is  sixteen  to  eighteen  feet 
thick,  and  is  an  entirely  unstratified  yellowish  gravelly  clay,  con- 
taining occasional  rock-fragments  up  to  six  or  eight  inches  m 
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diameter,  but  showing  only  two  or  three  of  larger  size,  these  being 
two  to  three  feet  in  diameter.  The  bottom  of  this  upper  till,  seen 
clearly  exposed  along  a  distance  of  about  two  hundred  and  fifty 
feet,  is  an  almost  exactly  level  line.  Next  below  is  the  modified 
drift  which  is  supposed  to  have  had  its  origin  from  the  melting 
ice-sheet  of  the  earlier  glacial  epoch.  Its  thickness  is  also  six- 
teen to  eighteen  feet,  and  consists  of  yellowish  gravel  and  sand, 
containing  pebbles  up  to  six  or  eight  inches  in  diameter,  quite 
ferruginous  in  the  lowest  one  to  three  feet,  levelly  stratified 
throughout,  but  having  the  horizontal  layers  often  obliquely  lami- 
nated, the  dip  of  this  lamination  being  to  the  east  or  northeast, 
toward  the  Minnesota  river,  and  varying  in  amount  from  two  or 
three  to  fifteen  or  twenty  degrees.  The  underlying  till  was  seen 
along  an  extent  of  one  hundred  feet,  the  greatest  depth  cut  into  it 
being  about  eight  feet.  Its  upper  line,  separating  it  from  the 
moiiified  drift,  is  approximately  level  but  undulating,  with  its 
highest  points  two  or  three  feet  above  the  lowest.  This  till,  like 
the  upper  bed,  bears  no  marks  of  stratification  ;  and  neither  shows 
any  interbedding  or  transition,  but  both  are  bounded  by  definite 
lines,  at  their  junction  with  the  intervening  gravel  and  sand.  The 
lower  bed  of  till  is  dark  bluish,  excepting  for  about  twenty  feet 
from  the  face  of  the  bluff  inward,  where  weathering  has  changed 
it  to  the  same  yellow  color  that  characterizes  the  modified  drift 
and  upper  till.  In  other  portions  of  the  Minnesota  valley,  its 
bluffs  frequently  exhibit  moditied  drift  interbedded,  sometimes  in 
deposits  of  large  extent  and  thickness,  with  the  till,  which  makes 
up  the  principal  mass  of  these  bluffs  and  of  the  drift-sheet. 

A  peculiar  stratification  observed  in  several  of  the  deposits  of 
clay,  which  form  part  of  the  terraces  of  modified  drift  in  the  Min- 
nesota valley  in  Scott  and  Carver  counties,  belonging  to  the  time 
of  departure  of  the  last  ice-sheet,  appears  to  afford  a  measure  of 
the  rate  of  deposition.  In  Mr.  Charles  RodelPs  excavation  for 
brick-making  at  Jordan,  the  clay  is  bedded  in  distinct  horizontal 
layers  from  three  to  eight  inches  thick,  averaging  six  inches. 
These  layers  are  dark  bluish,  often  finely  laminated,  changing 
above  and  below  to  a  nearly  black,  more  unctuous  and  finer  clay, 
which  forms  the  partings  between  them.  These  divisions  are 
clearly  seen  through  the  whole  extent  of  this  excavation,  which 
reaches  twenty-five  feet  below  the  top  of  the  clay  and  is  four  roils 
long.  The  height  of  its  top  Is  estimated  to  be  sixty-five  feet 
▲.  ▲•  A.  8.,  VOL.  xxxu.  15 
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above  the  river.  The  excavation  of  Nye  &  Co.,  at  Carver,  where 
the  exposure  is  foar  rods  long  and  fifteen  feet  high,  with  atK>ut 
the  same  elevation  above  the  Minnesota  river  as  the  foregoing, 
exhibits  the  same  stratification,  except  that  here  the  layers 
all  have  a  nearly  uniform  thickness  of  three  inches.  There 
is  a  tendency  to  split  at  the  darker  partings,  which  are  seen 
to  extend  continuously,  never  passing  one  into  another,  and  pre- 
serving a  very  constant  width  of  three  inches  apart,  through  the 
whole  of  the  section  exposed.  They  are  from  an  eighth  to  three 
quarters  of  an  inch  thick,  gradually  merging  above  and  below  into 
the  less  dark  clay  that  makes  up  the  principal  mass  of  these  layers. 
The  bedding  is  nearly  level,  but  dips  one  to  two  degrees  away  at 
each  side.  In  this  depth  of  fifteen  feet  there  are  thus  about  sixty 
layers,  all  closely  alike.  The  alternating  conditions  which  pro- 
duced them  were  evidently  repeated  sixty  times  in  uninterrupted 
succession.  The  only  explanation  of  this  which  seems  possible  is 
that  these  divisions  mark  so  many  years  occupied  bj^  the  deposi- 
tion of  this  clay.  Layers  nearly  like  those  in  the  cla}'  at  Carver 
and  Jordan  are  also  seen  in  other  clay -beds  in  this  valley  and  in 
that  of  the  Mississippi  in  this  state.  The  principal  mass  of  each 
layer  is  regarded  as  the  deposition  during  the  warm  portion  of  a 
year,  and  the  very  dark  partings  as  the  sediment  during  winter 
when  the  glacial  melting  was  less  and  the  water  consequently  less 
turbid. 

At  Chaska,  situated  in  the  Minnesota  valley  two  miles  below 
Carver,  the  clay  used  for  brick-making  is  modified  drift  of  inter- 
glacial  age.  It  varies  from  twenty  to  forty  feet  in  thickness,  be- 
ing underlain  by  sand  and  covered  by  till  from  two  to  six  feet 
thick,  holding  boulders  of  all  sizes  up  to  five  or  six  feet  in  diam- 
eter, many  of  which  are  planed  and  striated.  This  till  forms  the 
surface,  thirty  to  thirty -five  feet  above  the  river.  The  only  fossils 
found  here  were  fresh-water  clam  shells  which  occurred  in  con- 
siderable numbers  upon  a  space  four  rods  in  diameter  near  the 
middle  of  Gregg  &  Griswold*s  excavation,  lying  in  the  upper  foot 
of  the  clay,  just  beneath  the  till.  This  interglacial  clay,  over- 
spread by  till,  testifies  that  an  ice-sheet  covered  this  region  after 
the  Minnesota  valley  had  been  eroded  nearly  as  it  now  is. 

Another  observation  which  seems  to  give  the  same  testimony, 
and  to  show  that  the  modified  drift  forming  high  terraces  and 
plains  in  this  valley  was  deposited  during  the  recession  of  the  ice- 
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sheet,  is  presented  in  the  notably  uneven  surface  of  the  broad  part 
of  the  terrace  of  this  valley  dri(t  in  Carver  county  between  Carver 
and  Beven's  creeks.  On  this  tract,  composed,  below  the  soil,  of 
stratified  gravel  and  sand,  extending  about  two  miles  in  width  and 
elevated  one  hundred  and  twenty-five  feet  above  the  river,  are  fre- 
quent depressions  from  ten  to  thirty  rods  in  diameter  and  fifteen 
to  forty  feet  in  depth  below  the  general  level,  often  enclosed  with- 
out outlet,  and  some  of  them  containing  lakelets  and  sloughs. 
Such  hollows  have  not  been  seen  elsewhere  in  our  exploration  of 
these  terraces  along  the  Minnesota  valley,  which  instead  have  gen- 
erally a  smoothly  level  contour.  Their  origin  must  apparently  be 
referred  to  sedimentation,  while  masses  of  ice  occupied  the  places 
of  these  bowl-like  depressions.  Elsewhere  the  absence  of  such 
in*egularities  in  the  surface  of  the  valley  drift,  as  also  the  very 
rare  occurrence  of  boulders  in  it,  and  the  fact  that  no  portion  of 
it,  excepting  that  just  mentioned  at  Chaska,  is  known  to  be  inter- 
glacial  by  having  become  covered  with  till,  together  show  that  the 
deposition  of  these  beds  of  modified  drift  took  place  outside  the 
limits  of  the  retreating  ice-sheet.  The  valley  appears  to  have 
remained  from  excavation  in  an  interglacial  epoch,  and  to  have 
become  rapidly  filled  with  sediments  as  soon  as  the  ice  b}'  which 
it  had  been  enveloped  was  melted  away. 

Alluvial  beds  fill  the  Minnesota  valley  at  Belle  Plaine,  as  shown 
by  the  section  of  the  salt-well,  to  a  depth  about  160  feet  below  the 
present  river  at  its  stage  of  low  water.  This  well,  situated  on  the 
bottomland  at  nearly  the  same  height  with  the  depot,  or  approxi- 
mately 30  feet  above  the  river  and  725  above  the  sea,  is  reported 
by  Prof.  Alexander  Winchell  to  have  passed  through  the  following 
succession  of  deposits  before  reaching  the  bed-rock ;  soil  and 
gravel,  9  feet;  clay  and  gravel,  9  feet;  sand  and  gravel,  18  feet; 
quicksand,  54  feet,  having  its  base  90  feet  below  the  surface ; 
coarse  sand,  1  foot ;  clay,  6  feet,  in  which  was  found,  two  feet 
from  its  top,  a  piece  of  grapevine  with  bark  ;  sand,  38  feet,  vary- 
ing from  quicksand  to  coarse  sand,  in  which  at  114  feet,  infiowing 
water,  under  pressure  from  the  bottom,  filled  the  pipe  twelve  feet 
with  sand,  and  a  second  time,  at  125  feet,  filled  it  five  feet ;  then, 
gravel,  quicksand,  and  coarse  sand,  45  feet,  having  its  base  180  feet 
below  the  surface,  yielding  water  at  144  feet,  which  filled  the  pipe 
with  sand  ten  feet,  and  containing  another  piece  of  grapevine  at 
168  feet ;  next,  from  180  to  200  feet,  blue  clay,  7  feet,  and  rock- 
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fragments,  13  feet,  probably  both  boulder-clay  or  till ;  and,  lastly, 
gravel,  2  feet ;  the  whole  depth  of  alluvium  and  drift  being  thus 
202  feet,  extending  about  170  feet  below  the  river. 

At  the  railroad  bridge  wliieh  crosses  the  Minnesota  river  close  to 
its  mouth,  borings  were  made  to  a  depth  of  60  feet  below  the  river- 
level  without  reaching  the  bed-rock.  In  the  deep  well  at  Mankato, 
drift  was  found  to  extend  65  feet  below  the  river. 

A  summary  of  the  glacial  history  of  the  Minnesota  valley,  as 
recorded  in  its  physical  and  geological  features  here  described,  is 
nearly  as  follows :     This  channel,  excavated  in  the  Lower  Magne- 
sian  or  Calciferous  formations  far  below  the  bottom  of  the  present 
valley,  appears  to  have  been  eroded  by  a  river  during  the  later 
Palaeozoic  and  earlier  Mesozoic  ages,  before  the  Cretaceous  subsi- 
dence which  carried  much  of  this  state,  with  a  large  area  farther 
west,  beneath  the  sea.     In  the  first  principal  epoch  of  glaciation, 
when  the  ice  covered  its  greatest  area,  a  thick  drift-sheet,  mostly 
unmodified,  was  spread  over  all  this  region,  probably  covering 
most  of  this  preglacial  valley  with  an  unbroken,  moderately  undu- 
lating expanse  of  till.     During  the  ensuing  interglacial  epoch,  the 
drainage  of  this  area  cut  a  channel,  which,  because  of  the  natural 
slopes  of  the  basin  determined  by  preglacial  erosion,  coincides 
along  much  of  its  lower  part,  where  it  crosses  the  nearly  horizon- 
tal Palaeozoic  formations,  with  the  old  valley  eroded  in  these  strata 
long  before  the  ice  age.     The  preglacial,  and  probably  also  the  in^ 
terglacial  river  lay  far  below  the  present  stream.     The  till  of  the 
later  glacial  epoch  app^ears  to  have  only  partially  blocked  np  this 
river-course  along  the  greater  part  of  its  extent,  and  portions  which 
ma3^  have  been  obstructed  were  soon  channelled  anew,  and  this  val- 
ley from  its  mouth  to  New  Ulm  or  beyond  was  filled  with  modified 
drift,  to  the  height  of  its  present  terraces  of  this  formation,  during 
the  recession  of  the  last  ice-sheet.     After  the  departure  of  the  ice 
from  the  Minnesota  basin,  this  avenue  of  drainage  continued 
through  a  long  time  to  be  the  outlet  of  Lake  Agassiz,  whence  it 
received  an  immense  volume  of  water,  supplied  from  the  melting 
ice-fields  of  northwestern  Minnesota  and  of  a  vast  region  reach- 
ing far  to  the  north  and  northwest  over  the  basin  of  Lake  Winni- 
peg and  the  Saskatchewan  river.     As  long  as  streams   poured 
into  this  valley  directly  from  the  melting  ice-sheet,  its  modified 
drift,  gathered  from  the  ice  in  which  it  had  been  held,  continued 
to  increase  in  depth ;  but  when  the  great  glacier  had   retreated 
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beyond  the  limits  of  the  basin  of  the  Minnesota  river,  the  water 
discharged  here  from  Lake  Agassiz  brought  no  modified  drift,  and 
was  consequently  a  most  powerful  eroding  agent.  By  this  mighty 
river  the  valley  drift,  so  recently  deposited,  was  mostly  swept 
away,  and  the  channel  was  excavated  to  a  depth  lower  than  the 
present  river  and  perhaps  quite  to  the  bottom  of  the  grav«l  and 
sand  in  this  valley  at  Belle  Plaine,  which  is  150  feet  below  the 
river  there  and  about  140  feet  beldw  low  water  in  the  Mississippi 
at  Saint  Paul.  Since  the  ice-barrier  which  had  caused  Lake  Ag- 
assiz disappeared  and  that  lake  was  drained  northeastward  to 
Hudson  bay,  the  Minnesota  valley  and  that  of  the  Mississippi  be- 
low, carrying  only  a  small  fraction  of  their  former  volume  of 
water,  have  become  considerably  filled  by  the  alluvial  gravel, 
sand,  clay  and  silt,  which  have  been  brought  in  by  tributaries, 
being  spread  for  the  most  part  somewhat  evenly  along  these 
valleys  by  their  floods. 

The  changes  produced  by  this  postglacial  sedimentation  have 
been  pointed  out  and  ably  discussed  by  Gen.  G.  K.  Warren,  who 
thus  added  much  to  our  knowledge  of  the  geological  history  of  the 
Minnesota  and  Mississippi  rivers.  Lakes  Traverse,  Big  Stone 
and  Lac  qui  Parle  occupy  hollows  in  the  outlet  of  Lake  Agassiz 
due  to  inequalities  of  these  recent  deposits.  At  the  mouth  of 
the  Minnesota  river,  the  Mississippi  has  brought  more  sediment 
than  its  branch,  which  is  thus  dammed  for  a  distance  of  thirty 
miles  to  Little  Rapids,  with  a  depth  of  twenty  to  twenty-five  fefet 
at  low  water.  The  current  of  this  part  of  the  Minnesota  through 
the  diy  season  is  very  sluggish  or  imperceptible,  and  its  surface 
often  becomes  considerably  covered  with  the  green  scum  of  cryp- 
togamous  vegetation  characteristic  of  pools  and  lakes.  The 
channel  here  is  from  fifteen  to  twenty-five  rods  wide,  with  no 
lake-like  expansions  ;  but  lakes  from  one  to  four  or  five  miles  long, 
and  from  a  quarter  to  a  half  mile  wide,  lie  near  the  river  and 
parallel  with  it  at  each  side,  upon  the  bottomland.  Lake  Pepin, 
having  a  depth  of  about  sixty  feet,  according  to  General  Warren, 
lies  in  the  continuation  of  this  valley  which  was  deeply  channelled 
by  the  outflow  from  Lake  Agassiz,  because  it  has  become  une- 
qually filled  below  the  foot  of  this  lake  by  the  deposition  of 
alluvium  from  the  Chippewa  river.  Two  of  the  tributaries  of 
the  Mississippi  from  the  east  were  similar  outlets  of  floods  sup- 
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plied  by  glacial  melting  after  they  had  become  free  from  their 
modified  drift  by  flowing  through  a  lake.  Lake  Superior,  held  by 
an  ice-barrier  on  the  northeast  at  a  level  about  500  feet  above  its 
present  height,  overflowed  at  the  head  of  the  Bois  Brul6  river, 
by  Upper  St.  Croix  lake  and  the  St.  Croix  river.  The  Missis- 
sippi valley  at  the  mouth  of  this  river,  as  in  the  case  of  the  Min- 
nesota river,  has  become  more  filled  b}-  postglacial  deposits  than 
its  tributar}^  which  is  thus  held*as  back-water  twenty  miles,  to  the 
head  of  Lake  St.  Croix,  which  is  twenty-five  feet  deep.  Lake 
Michigan,  till  the  rece<ling  ice-sheet  was  melted  frona  its  present 
outlet  at  the  north,  similarly  discharged  southward  by  the  Illinois 
river,  which,  like  the  foregoing,  is  obstructed  at  its  mouth  b}'  the 
alluvium  of  the  Mississippi.  At  low  water  the  greater  part  of 
its  length  is  dammed,  and  has  a  very  slight  and  often  imper- 
ceptible current  through  the  two  hundred  miles  from  La  Salle  by 
Lake  Peoria  to  its  mouth.  Major  Long  remarked  :  ''This  part 
of  the  river  may,  with  much  propriety,  be  denominated  an  ex- 
tended pool  of  stagnant  water."  All  these  results  of  recent 
fiuvial  action  show  that  the  drainage  from  the  final  melting  of  the 
ice-sheet  excavated  these  valle\'s  to  depths  much  lower  than  the}' 
have  now,  and  make  it  very  probable  that  the  deposits  i)enetrated 
by  the  first  180  feet  of  the  Belle  Plaine  salt-well  are  wholly  post- 
glacial. 

The  exposures  of  rock  over  which  the  Minnesota  river  flows  at 
Little  Rapids,  ten  miles  below  Belle  Plaine,  do  not  forbid  this 
conclusion,  for  the  topography  of  the  valley  in  that  vicinity  indi- 
cates that  a  much  deeper  channel  than  that  now  occupied  by  the 
river  may  have  existed  there  since  the  ice  age,  passing  a  mile  and 
a  half  east,  and  a  mile  northeast  of  the  Little  Rapids.  This 
course  of  the  river  along  which  it  is  believed  to  have  cut  a  channel 
in  the  easily  eroded  Jordan  sandstone  to  a  depth  equal  to  that  of 
the  fluvial  deposits  penetrated  by  the  well  at  Belle  Plaine,  extends 
northeastward  diagonally  across  section  five.  Sand  Creek ;  then 
northerly  through  the  west  part  of  section  thirty-three,  Louisville  ; 
and  thence  northwesterly  through  section  twenty-nine.  It  tims 
leaves  the  present  river  a  mile  south  of  these  rapids,  and  returns 
again  to  it  about  a  mile  south  of  Carver,  after  passing  east  and 
north  of  the  island-like  sandstone  outcrops  of  section  thirty-two, 
Louisville.     The  recent  accumulation  of  sediments  that  fill  this 
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avenue  to  a  height  slightly  above  the  Little  Rapids,  has  turned  the 
river  that  way,  so  that  it  has  abandoned  its  former  course  and  now 
flows  over  ledges  of  sandstone. 

Four  features  of  the  glacial  drift  in  Minnesota  seem  to  me  very 
impressive  and  even  giand.  These  are,  first,  the  great  thickness 
of  the  drift  and  its  extent  over  large  areas  where  it  conceals  and 
deeply  covers  all  the  surface  of  the  older  bed-rocks ;  second,  the 
terminal  moraines ;  third.  Lake  Agassiz ;  and,  fourth,  the  outlet 
from  this  lake,  which  has  been  the  theme  of  the  present  paper.  Pro- 
fessors J.  D.  Dana  and  J.  W.  Spencer,  to  the  latter  of  whom  we 
are  indebted  for  valuable  work  in  the  Quaternary  geology  of  the 
region  of  lakes  Erie  and  Ontario,  have  expressed  the  desire,  in 
which  I  heartily  join,  to  recognize  in  the  nomenclature  of  Ameri- 
can geology  the  work  of  the  engineer  who  in  the  years  1866  to 
1869  made  a  survey  of  the  Minnesota  valley  from  Big  Stone 
lake  to  its  mouth,  and  from  whose  observations  and  writings,  al- 
ready several  times  referred  to,  this  essay  has  received  most  im- 
portant contributions  and  suggestions.  Therefore  it  seems  fitting 
to  propose  here  for  the  ancient  river  which  flowed  in  the  Ice  Age 
where  lakes  Traverse  and  Big  Stone  and  the  Minnesota  river  now 
are,  this  name,  the  Biver  Wan-en^  in  honor  and  in  memoriam  of 
Gren.  G.  K.  Warren,  the  author  of  the  first  adequate  descrip- 
tion of  this  valley. 


Changes  in  the  Currents  op  the  Ice  of  the  Last  Glacial 
Epoch  in  Eastern  Minnesota.  By  Warren  Upham  of 
Minneapolis,  Minn. 

This  paper  is  based  upon  my  observations  as  assistant  on  the 
geological  and  natural  history  survey  of  Minnesota,  under  the 
direction  of  Prof.  N.  H.  Winchell,  the  state  geologist.  It  has 
l)een  previously  read.  May  8, 1883,  before  the  Minnesota  Academy 
of  Natural  Sciences. 

When  the  ice  of  the  last  glacial  epoch  attained  its  maximum 
extent,  it  appears  that  the  ice-current  moving  southwestward  from 
lake  Suj)erior  across  the  northeast  part  of  Minnesota,  spreading 
a  reddish  till  containing  boulders  and  pebbles  peculiar  to  the 
r^ion  from  which  it  came,  had  its  limit  at  a  line  reaching  from 
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lake  St.  Croix  southwesterly  across  the  Mississippi  and  through 
the  north  part  of  Dakota  county,  thence  bending  to  a  noithwest 
direction  and  continuing  by  lalce  Minnetonka  and  through  Wright 
and  Stearns  counties.  At  the  same  time  another  portion  of  the 
ice-sheet  was  pushed  from  the  region  of  lake  Winnipeg  and  the 
Red  river  valley  toward  the  south  and  southeast,  meeting  and 
opposing  the  ice-current  from  lake  Superior  along  a  line  from 
Stearns  county  southeast  by  lake  Minnetonka  to  Crystal  lake  in 
Dakota  county,  beyond  which  its  eastern  limit  farther  south  was 
at  the  outer  or  eastern  belt  of  the  terminal  moraine  as  traced  in 
Rice,  Steele  and  Freeborn  counties  and  onwai-d  to  central  Iowa. 
The  angle  formed  by  the  margins  of  these  portions  of  the  ice- 
sheet,  moving  respectively  from  the  northeast  and  the  northwest, 
was  at  Crystal  lake  and  Buck  hill  in  Burnsville,  Dakota  county ; 
from  which  point  northwesterly,  along  an  extent  of  a  hundred 
miles  or  more,  these  ice-currents  were  pushed  obliquely  against 
each  other. 

At  a  later  date  in  this  last  glacial  ei>och,  after  the  ice-border  had 
for  the  most  part  retreated  considerably  from  its  farthest  limits, 
it  is  known  to  have  halted  in  its  recession  (and  it  even  probably 
readvanced),  forming  a  second  belt  of  morainic  accumulations 
usually  from  five  to  fifteen  miles  back  or  inside  fVom  its  former 
line  of  drift-hills.  This  second  morainic  belt  is  well  exhibited 
from  Rice  county  south  to  central  Iowa,  and  at  the  west  side  of 
this  lobe  of  the  ice-sheet  upon  the  Coteau  des  Prairies.  At  this 
time  the  ice-sheet  that  was  pushed  southwestwaixl  from  lake  Su- 
perior and  northern  Wisconsin  probably  terminated  onl}'  a  few 
miles  back  from  its  earlier  limit  east  of  lake  St.  Croix  and  in 
Washington,  Dakota  and  Ramsey  counties,  and  in  the  east  edge 
of  Hennepin  county  at  Minneapolis.  But  farther  northward  the 
presence  of  bluish  till,  weathered  next  to  the  surface  to  a  yellowish 
color,  containing  boulders  and  pebbles  of  limestone  and  of  Cre- 
taceous shale  and  other  material  brought  from  the  northwest, 
overlying  the  red  till  with  rock-fragments  from  the  region  of  lake 
Superior,  proves  that  the  ice-current  from  the  northwest  was 
stronger  and  extended  failher,  the  ice  on  this  side  of  the  great 
western  lobe  of  the  ice-sheet  being  therefore  even  deeper,  at  least 
in  comparison  with  the  thickness  of  the  eastern  ice  flowing  south- 
westward  from  lake  Superior,  than  in  the  former  part  of  this 
glacial   epoch  when   these  ice-fields  covered  their  greatest  area. 
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In  that  earlier  part  of  this  epoch  the  ice-currents  from  the  north- 
west and  northeast  had  met  along  a  line  drawn  from  Crystal  lake 
and  lake  Minnetonka  northwestward ;  but  now,  when  elsewhere 
the  border  of  the  ice-fields  had  somewhat  retreated  and  formed 
the  second  and  inner  terminal  moraine,  the  ice  flowing  from  the 
west  extended  eastward  across  Wright  and  Hennepin,  Sherburne 
and  Anoka  counties,  to  the  St.  Croix  river  at  the  east  side  of 
Chisago  county,  and  into  the  adjoining  edge  of  Wisconsin,  pushing 
back  the  ice-current  that  came  from  lake  Superior,  and  covering 
the  red  till  brought  by  that  ice  with  the  characteristic  blue  till 
brought  by  the  ice  from  the  northwest  and  west. 

The  cause  of  this  changed  course  of  the  line  at  which  the  cur- 
rents of  the  west  and  east  portions  of  the  ice-sheet  met  is  to  be  found 
in  the  changed  meteorological  conditions  of  this  time.  During 
the  increased  ice-melting  attendant  upon  the  recession  of  the  ice- 
fields from  the  outer  to  the  inner  terminal  moraine,  the  prevailing 
westerly  winds  sweeping  over  the  western  side  of  the  ice-sheet 
upon  the  Coteau  des  Prairies  and  eastward  became  more  laden 
with  moisture  than  in  the  earlier  part  of  this  epoch  when  there  was 
comparatively  little  melting  upon  the  surface  of  the  ice  ;  and  the 
increased  temperature  enabled  these  winds  to  carry  their  moisture 
farther  than  when  the  ice  had  its  greatest  extent.  Then  the  pre- 
cipitation of  rain  and  snow  took  place  more  upon  the  western  side 
of  the  ice;  but  at  this  later  time  the  precipitation,  b}^  reason  of 
the  causes  here  mentioned,  probably  became  much  greater  than 
before  upon  the  east  part  of  the  lobe  of  the  ice-sheet  that  extended 
southeastward  from  the  Red  river  valley  to  central  Iowa.  Before 
this,  lake  Minnetonka  and  central  Wright  county  had  been  the 
limit  where  this  ice-flow  was  stopped  by  the  opposing  ice-current 
from  lake  Superior;  but  now,  because  of  the  relatively  and  per- 
haps absolutely  greater  thickness  of  this  part  of  the  ice  flowing 
from  the  northwest,  due  as  shown  to  climatic  changes,  its  current 
pushed  back  that  opposed  to  it  on  the  east,  covering  the  red  till 
brought  by  that  ice  with  blue  till  containing  plentiful  limestone 
boulders  and  other  material  from  the  west  and  northwest. 

The  line  where  these  ice-fields  moving  from  the  west  and  from  the 
northeast  now  met,  lies  in  the  south  edge  of  Mille  Lacs,  Kanabec  and 
Pine  counties,  and  even  beyond  the  St.  Croix  river  at  the  east  side  of 
Chisago  county,  fully  seventy-five  miles  east  of  the  line  where  these 
currents  formerly  met ;  but  it  scarcely  reaches  into  Washington 
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and  Ramsey  counties,  which  remained  covered  with  ice  that  came 
from  the  northeast.  This  pereistence  of  the  ice-flow  from  the  north- 
east near  the  margin  of  the  ice-covered  area,  and  also  in  Stearns 
and  Morrison  counties,  north  of  the  changed  portion  of  the  line 
of  confluence  of  these  ice-fields,  proved  by  the  character  of  the 
drift  upon  these  counties,  seems  yet  quite  consistent  with  this 
explanation,  by  meteorological  causes,  of  the  change  in  source  of 
the  ice  covering  the  intervening  district,  from  Wright  and  Henne- 
pin counties  eastward  to  the  St.  Croix  river  and  the  edge  of 
Wisconsin. 

Details  of  sections  in  the  drift  showing  the  blue  (or  next  to  the 
surface  yellow)  till  overlying  the  red  till  in  this  district,  and  more 
complete  discussion  of  the  glacial  period,  its  ice-sheets,  and  their 
various  drift  deposits  in  this  state,  have  been  partially  presented 
in  the  fifth,  sixth,  eighth  and  ninth  annual  reports  of  the  geologi- 
cal and  natural  history  survey  of  Minnesota,  and  will  be  fully 
exhibited  in  the  final  reports  of  this  survey. 


The  Kame  Rivkrs  of  Maine.     By  George  H.Stone  of  Colorado 
Springs,  Colorado. 

[ABSTRACT.] 

Nearly  all  glacialists  now  agree  that  most  of  the  kame  gravels 
of  the  drift  region  were  deposited  by  glacial  streams.  There  re- 
mains a  difference  of  opinion  as  to  whether  these  streams  were 
sub-  or  super-glacial ;  but  for  the  sake  of  brevity  no  reference  is 
here  made  to  the  literature  of  the  subject.  In  my  studies  of  the 
drift  in  Maine,  I  think  I  have  found  evidence  of  both  kinds  of 
streams. 

During  an  exploration  of  Maine  which  continued  for  about  five 
years.  I  had  opportunity  to  examine  many  thousands  of  sections  of 
the  till  throughout  the  greater  part  of  the  state.  I  have  never  found 
stratified  or  even  water-classified  material  enclosed  in  this  forma- 
tion, except  within  a  few  miles  of  the  coast,  or  so  near  to  the 
surface  as  to  leave  the  interpretation  in  doubt.  Hundreds  of  miles 
of  the  beds  of  the  inland  streams  have  been  examined  by  me, 
and  if  water-washed  material  exists  in  the  till  in  the  interior  of 
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the  state,  it  must  be  rare.  But  near  the  coast,  as  for  instance 
at  Portland,  one  may  see  small  masses  of  sand,  nearly  or  quite 
snrroiuided  by  the  unmodified  till,  the  clayey  till  being  in  such  con- 
trast with  the  clean,  silicious  sand,  that  the  difference  in  compo- 
sition and  mode  of  formation  is  seen  at  once  unmistakably.  These 
masses  of  sand  and  gravel  in  the  till  are  often  not  now  stratified, 
but  all  have  been  plainly  classified  by  running  water  and  not 
afterward  so  mixed  with  the  clayey  till  as  to  lose  their  identity. 
If  a  ribbon  or  pocket  of  sand,  not  an  inch  in  thickness,  can  be 
thus  plainly  distinguished  from  the  amorphous  till,  surely  the 
absence  of  such  deposits  from  the  great  interior  region  is  a  strong 
indication  that  the  conditions  were  there  different  from  what  they 
were  near  the  coast.  A  somewhat  positive  indication  of  what 
this  difference  was  is  found  in  the  existence  of  pot-holes  near  the 
coast  in  situations  where  no  ordinary  surface  streams  can  ever 
have  flowed.  These  pot-holes  must  be  regarded  as  the  work  of 
glacial  streams.  In  the  interior  no  pot-holes  have  been  found  ex- 
cept in  the  valleys  of  ordinary  streams. 

Before  interpreting  these  facts,  let  us  consider  the  causes  of  the 
melting  of  a  glacier.  The  white  color  and  porous  structure  of  the 
surface  ice  of  a  glacier  show  where  most  of  the  melting  takes 
place.  This  superficial  water  flows  along  the  surface,  or  it  may 
wear  and  melt  a  deeper  and  deeper  channel  until  it  disappears  down 
some  crevasse  and  becomes  a  sub-glacial  stream.  Modern  glaciers 
show  a  difference  in  their  glacial  streams.  Near  the  lower  ex- 
tremity almost  all  the  water  is  sub-glacial.  The  ice  is  so  broken 
by  crevasses  that  the  melting  waters  almost  immediately  plunge 
to  the  bottom.  But  as  we  go  backward  toward  the  line  of  perpet- 
ual snow,  where  the  ice  is  thicker  and  the  melting  less  rapid 
we  find  streams  upon  the  surface,  the  length  depending  upon  the 
extent  of  ice  free  from  crevasses.  How  far  do  these  conditions 
represent  those  of  the  great  glacier  of  eastern  North  America? 

Without  some  limitation,  it  is  doubtful  if  the  analogies  of  any 
modern  glaciers,  even  of  Greenland  glaciers,  can  be  admitted  as 
valid  in  the  case  of  the  great  ice-sheet.  The  Greenland  glaciei*s 
do  not  wholly  overlap  large  areas  like  the  great  ice-sheet,  but  here 
and  there  peaks  emerge  from  them  which  form  crevasses  and  assist 
the  waters  to  pass  beneath  the  glacier.  However,  waiving  these 
objections,  and  admitting  for  the  time  that  the  sub-glacial  streams 
of  our  great  glacier  were  as  well  developed  as  those  of  the  Green 
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land  glaciers  of  to-day,  at  the  same  time  we  must  admit  that  the 
surface  streams  were  as  well  developed.  Now  the  superGcial 
streams  of  the  Greenland  glaciers  are  often  of  considerable  size ; 
therefore  we  must  believe  that  large  surface  streams  existed  upon 
the  ice-sheet  at  a  proper  distance  north  from  its  terminus.  It 
should  be  noted  that  this  is  the  condition  of  the  Greenland  glaciers 
during  a  time  of  comparative  stability,  or,  quite  probably,  of  their 
slow  increase  in  extent  and  depth. 

But  what  would  happen  during  the  final  melting  of  the  ice- 
sheet?  All  substantially  admit  that  this  melting  was  very  rapid 
and  that  it  took  place  upon  a  great  width  simultaneously,  although 
the  ice,  being  thicker  toward  the  north  and  in  a  colder  mean 
climate,  would  not  become  melted  so  quickly  as  farther  south. 
As  I  have  elsewhere  pointed  out,  no  southward  motion  would  be 
possible  over  a  large  part  of  Maine,  after  the  thickness  of  the  ice 
was  reduced  to  about  five  hundred  feet,  on  account  of  transverse 
ranges  of  hills.  Nowhere  except  in  the  White  Mountains  have  I 
found  traces  of  glaciers  following  local  valleys.  Apparentl},  al- 
most all  flow  ceased  after  the  melting  had  so  far  proceeded  that 
the  hills  appeared  above  the  ice.  Under  these  conditions  no  new 
lines  of  crevasses  would  open  in  the  thinning  ice-fieids,  even  after 
the  hills  began  to  emerge.  The  melting  took  place  so  rapidly, 
and  the  motion  of  the  ice  ceased  so  completely  that  there  would 
be  no  time  for  the  formation  of  sub-glacial  channels.  On  the  con- 
trary, the  exigency  of  glacial  melting,  supplemented  by  the 
summer  precipitation,  would  cause  a  great  extension  of  the  super- 
ficial streams. 

The  presence  of  glacial  pot-holes  in  Maine  near  the  coast,  and 
the  masses  of  water-washed  matter  in  the  till,  show  that  the 
glacial  streams  there  reached  the  ground.  The  most  of  the  area  of 
sub-glacial  streams  must  have  lain  south  of  the  prescut  coast-line. 
The  glacier  reached  out  into  the  Gulf  of  Maine,  and  off  its  front 
were  probably  numerous  boiling  springs  of  fresh  water,  like  those 
at  the  submerged  extremities  of  the  Greenland  glaciers.  The  ice 
over  the  great  interior  region  of  the  state  was  for  the  most  part 
drained  by  superficial  streams.  When  the  melting  had  so  far  pro- 
ceeded that  the  bottoms  of  these  streams  reached  the  moraine, 
stuff  which  was  scattered  through  the  lower  part  of  the  ice,  then 
the  karae-gravel  began  to  gather  on  the  bottoms  of  their  channels. 
Several  of  these  kame-rivers  were  a  hundred  or  more  miles  long,  as 
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is  shown  by  my  map  of  the  tames  of  Maine,  published  in  the 
Proceedings  of  this  Association  for  1880.  Most  of  the  kame-rivers 
have  been  described  by  me  as  probably  flowing  in  channels  formed 
superficially  on  the  ice,  and  that  is  ray  opinion  still.  Near  the 
coast  these  channels  may  originally  have  been  of  sub-glacial  origin. 
Northward  there  was  a  region  where  the  drainage  of  the  glacier 
was  chiefly  by  surface  channels  which  fiually  found  their  way  be- 
neath the  ice  at  the  southern  limit  of  this  region.  The  final  melt- 
ing of  the  great  glacier  took  place  largely  at  the  surface,  and  this 
melting  together  with  the  large  rainfall,  caused  great  bodies  of 
water  to  collect  on  the  ice,  finally  wearing  and  melting  deep  chan- 
nels. In  some  cases  these  streams  i^-obably  followed  previously 
formed  sub-glacial  channels  for  a  part  of  their  course,  widening 
them  until  the  ice-arch  collapsed  by  its  own  weight. 

We  may  grant  as  great  a  development  of  sub-glacial  streams  in 
the  ice-sheet  as  anyone  can  reasonably  consider  is  demanded  by 
the  Greenland  glaciers,  and  yet  I  cannot  see  how  this  furnishes 
any  adequate  representation  of  the  conditions  during  the  final 
melting,  when  there  was  such  a  vast  accession  of  surface  water, 
and  also  when  the  ice-flow  had  so  far  ceased  as  to  make  it  certain 
that  few  if  any  additional  crevasses  would  be  formed.  Under  these 
circnmstances  there  could  be  no  time  to  extend  the  previously 
formed  sub-glacial  channels  far,  and  the  sudden  floods  would  find 
their  way  over  the  lowest  parts  of  the  ice  just  as  they  would  over 
the  ground.  A  great  and  sudden  northward  extension  of  the 
superficial  streams  would  be  the  result. 

The  above  reasoning  applies  to  Maine  only,  and  other  regions 
are  to  be  studied  by  themselves.  Part  of  the  reasoning  will 
probably  apply  to  most  or  all  of  the  glaciated  area  of  North 
America,  but  with  many  differences  in  the  details.  Indeed,  as 
glacialists  come  to  better  appreciate  the  great  variety  of  work 
which  the  ice-sheet  performed,  the  less  likely  shall  we  be  to  fight 
for  the  privilege  of  imposing  the  local  conditions,  with  which  we 
aie  most  familiar,  upon  the  whole  drift-covered  area. 
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On  Glacial  Canons.    By  W.  J.  McGee  of  Washington,  D.  C 

fABSTRACT.] 

Glacial  canons  are  characterized  by  several  peculiar  features, 
of  which  the  greater  number  suggest  that  glaciers  are  most  ef- 
fective engines  of  erosion,  while  others  indicate  that  glacial  erosion 
is  inconsiderable.  Neither  the  source  of  this  apparent  discrep- 
ance nor  the  full  significance  of  the  characteristic  features  of 
such  canons  can  be  well  determined  empirically  ;  but  on  approach- 
ing the  subject  from  the  analytical  side,  it  appears,  from  detailed 
consideration  of  the  several  agencies  involved  iu  the  development 
of  the  leading  features,  that  the  effect  o^  temporary  occupancy  of  a 
typical  water-cut  canon  by  glacier  ice  will  be  to  (I)  increase  its 
width,  (2)  change  the  original  V  to  a  U  cross  profile,  (3)  cut  off 
the  terminal  portions  of  tributary  canons  and  thus  relativeh'  elevate 
their  embouchures,  (4)  intensify  certain  irregularities  of  gradient 
in  the  canon-botlom,  (6)  excavate  rock-basins,  (6)  develop  cirques, 
and,  in  general,  transform  such  canon  into  an  equally  typical  glacial 
canon. 


Clay  Pebbles  from  Princeton,   Minn.      By  ,N.   H.   Winchell 
of  Minneapolis,  Minn. 

[ABSTRACT.] 

This  paper  was  accompanied  by  an  exhibition  of  specimens. 
The  pebbles  were  of  various  shapes  and  sizes,  most  of  them 
somewhat  cylindrical.  Outside,  they  are  coated  with  fine  sand 
and  gravel ;  inside,  they  consist  wholly  of  a  fine  sedimentary 
clay,  such  as  is  deposited  by  standing  water,  and  contain  no  inte- 
rior pebbles.  Professor  Winchell  had  compared  these  with 
pebbles  of  till  found  in  deposits  of  gravel  and  sand  and  with  various 
others,  without  finding  anything  exactly  similar. 

Professor  Newberry  examined  the  pebbles,  and  admitted  that  they 
were  not  exactly  like  any  that  he  had  seen,  but  he  thought  they  bore  & 
general  resemblance  to  pebbles  found  throughout  the  range  of  the  Carbo- 
niferous strata  wherever  there  is  a  bed  of  sandstone  capped  by  clay. 
Professor  Claypole  claimed  to  have  seen  similar  specimens  in  the  drift  of 
Pennsylvania. 
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The  Pre-Cambrian  Rocks  op  the  Alps.    By  T.  Sterry  Hunt  of 
Montreal,  Canada. 

[ABSTRACT., 

The  writer  began  by  reviewing  the  history  of  Alpine  geology, 
ami  noticed  first  that  speculative  period  when  the  crystalline 
rocks  of  the  Alps,  including  gneisses,  hornblendic  and  micaceous 
schists,  cuphotides,  serpentines,  etc.,  were  looked  upon  as  altered 
sedimentary  strata  of  carboniferous  or  more  recent  times.  lie 
then  traced  the  steps  by  which  these  views  have  been  discarded, 
and  more  and  more  of  the  rocks  shown  to  belong  to  eozoic  or  pre- 
Cambrian  ages.  In  this  connection  the  labors  of  von  Hauer, 
Gerlach,  Ileim,  Favre,  Renevier,  Lor}^  Gastaldi  and  others  were 
analyzed,  and  reference  was  made  to  the  great  progress  since  the 
writer,  in  1872,  published  a  review  of  Favre's  work  on  the  geology 
of  the  Alps. 

The  sections  by  Neri,  Gerlach  and  Gastaldi  in  the  "Western,  and 
those  of  von  Hauer  in  the  Eastern  Alps  were  described,  and  it 
was  shown  that  all  these  agree  in  establishing  in  the  crystalline 
rocks  four  great  divisions,  in  ascending  order :  1st.  The  ohler 
granitoid  gneiss  with  crystalline  limestones,  graphite,  etc.,  referred 
by  Gastaldi  to  the  Laurentian.  2d.  The  so-called  pietre  verdi,  or 
greenstone  group,  consisting  chiefly  of  dioritic,  chloritic,  steatitic 
and  epidotic  rocks,  with  euphotides  and  serpentines,  including 
also  talcose  gneisses,  limestones  and  dolomites,  and  regarded  by 
Gastaldi  as  Huronian.  3d.  The  so-called  recent  gneisses  of  von 
Hauer  and  Gastaldi,  interstratified  with  and  passing  into  granu- 
lites  and  micaceous  and  hornblendic  schists,  also  with  serpentines 
and  crystalline  limestones.  4th.  The  series  of  argillites  and  soft 
glossy  schists  with  quartzites  and  detrital  sandstones,  including 
also  beds  of  serpentine  with  talc,  gypsum,  karstenite,  dolomite, 
and  much  crystalline  limestone.  This  fourth  series,  well  seen  at 
the  Mount  Cenis  tunnel,  is  still  claimed  by  Lory  and  some  others 
as  altered  trias,  but  the  present  writer's  view,  put  forth  in  1872, 
that  it  is,  like  the  preceding  groups,  of  eozoic  age,  was  subse- 
quently accepted  by  Favre,  and  by  Gastaldi,  and  is  now  estab- 
lished by  many  observations.  To  this  horizon  belong  the  crys- 
talline limestones  of  the  Apuctn  Alps,  including  the  marbles  of 
Carrara. 
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The  writer  next  recalls  the  fact  that  he,  in  1870,  insisted  npon 
the  existence  of  a  younger  scries  of  gneisses  in  North  America, 
alike  in  the  Atlantic  states,  in  Ontario,  and  to  the  northwest  of 
Lake  Superior.  These,  in  his  address  before  the  American  Asso- 
ciation for  the  Advancement  of  Science  in  1871,  he  farther 
described  under  the  name  of  the  White  Mountain  series,  and  sub- 
sequently, in  the  same  year,  called  them  Montalban.  These  rocks 
were  then  declared  to  be  j-ounger  than  the  Huronian,  and  to  over- 
lie it ;  though,  in  the  absence  of  this  latter,  it  was  pointed  out 
that  in  Ontario  and  in  Newfoundland  the  Montalban  reposes  un- 
conformably  upon  the  Laureutian.  When  these  newer  gneisses 
and  mica-schists  were  first  described,  in  1870,  there  was  included 
with  them  an  overlying  group  of  argillites,  quartzites  and  crys- 
talline limestones,  and  for  the  whole  the  name  of  Terranovan  was 
suggested  provisionally  ;  but  in  defining  in  the  following  year  the 
White  Mountain  series,  this  upper  group  was  omitted,  and  was 
subsequently  referred  to  the  Taconian  series, —  the  Lower  Taconic 
of  Emmons,  and  the  so-called  altered  Primal  and  Auroral  of  H. 
D.  Rogers,  in  Eastern  Pennsylvania. 

The  writer  next  described  his  own  observations  in  the  Alps  and 
the  Apennines  in  1881.  He  afllrms  the  correctness  of  Gastaldi  in 
referring  the  groups  one  and  two  to  Laureutian  and  Huronian, 
finds  the  third,  or  the  younger  gneiss  and  mica-schist  group  of  the 
Alps,  indistinguishable  from  the  Montalban,  and  regards  the 
fourth  as  the  representative  of  the  American  Taconian.  It  was 
maintained  by  Gastaldi  that  these  pre-Cambrian  groups  of  the 
Alps  underlie  directly  the  newer  rocks  of  northern  and  central 
Italy,  forming  the  skeleton  of  the  Apennines,  reappearing  in 
Calabria,  and  moreover  protruding  in  various  localities  in  Liguria, 
Tuscany  and  elsewhere.  The  serpentines,  euphotides  and  other 
resisting  rocks,  thus  exposed,  have  been  regarded  as  eruptive 
masses  of  triassic  and  eocene  time.  The  writer,  however,  holds, 
with  Gastaldi,  that  they  are  indigenous  rocks  of  pre-Cambrian 
age  exposed  by  geological  accidents. 

The  uncrystalline  rocks  of  the  mainland  of  Italy  are  chiefly 
cenozoic  or  mesozoic,  and  the  only  paleozoic  strata  known  are  car- 
boniferous, the  organic  forms  of  the  limestones  of  Chaberton  hav- 
ing been  shown  to  be  triassic.  Triassic,  liassic,  cretaceous,  eocene 
and  miocene  strata  are  found  in  different  localities  resting  on  the 
various  pre-Cambrian  groups.     In  the  island  of  Sardinia,  however, 
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all  these  are  overlaid  by  a  great  body  of  iincrystalline  lower  palae- 
ozoic rocks,  in  which  the  late  studies  of  Bornemann  and  Meneghini 
have  made  known  the  existence  of  a  Lower-Cambrian  fauna, 
including  Paradoxides,  Conocephalites  and  Archeocyathus ;  suc- 
ceeded by  an  abundant  fauna  of  Upper  Cambrian  or  Ordovician 
age.  In  tlie  Island  of  Elba,  according  to  Lotti,  rocks  containing 
the  latter  fauna  repose  directly  upon  the  crystalline  schists  with 
serpentines. 

The  existence  of  the  younger  or  Montalban  gneiss  in  Sweden, 
and  in  the  Harz  and  the  Erzgeblrge  was  noticed,  and  to  it  were 
referred  the  Hercynian  gneisses  and  mica-schists  of  Giimbel. 
The  presence  both  in  Sweden  and  in  Saxony  of  conglomerates,  as 
described  by  Hummel,  and  by  Sauer,  wherein  pebbles  of  the  older 
gneiss  are  enclosed  in  beds  of  the  younger  series,  was  discussed, 
and  the  direct  unconformable  superposition  of  the  latter  upon  the 
older  gneiss,  in  the  absence  of  the  Huronian,  was  considered; 
evidences  of  the  same  relations  being  adduced  from  the  Alps. 
The  gneisses  of  the  St.  Gothard,  as  seen  on  the  Italian  slope, 
were  also  referred  to  the  newer  series,  and  the  important  studies 
of  Stapff,  in  this  connection,  were  discussed.  It  was  declared 
that  the  views  put  forth  by  the  author  in  1870-71  on  the  relations 
and  succession  of  the  crystalline  stratified  rocks  in  North  America, 
and  then  extended  by  him  to  Europe,  have  been  fully  confirmed 
by  the  labors  of  a  great  many  European  geologists,  as  already 
shown.  Those  of  Hicks,  Hughes,  Bonney,  Callaway,  Lap  worth 
and  others  in  the  pre-Cambrian  rocks  of  the  British  islands  were 
cited  in  support  of  these  conclusions.  It  was  said  that  whatever 
may  have  been  the  conditions  under  which  these  vast  series  of 
crystalline  stratified  rocks  were  deposited,  there  is  evidence  in  the 
similarity  of  their  mineralogical  and  geognostical  relations,  of  a 
remarkable  uniformity  over  widely  separated  regions  of  the  earth's 
surface,  as  well  as  of  long  intervals  of  time,  marked  by  great  fold- 
ings and  disturbance,  and  by  vast  and  wide  spread  erosion  of  the 
successive  series  of  rocks. 

In  conclusion,  the  writer  took  occasion  lo  call  attention  to  the 
important  labors  of  the  present  school  of  Italian  geologists,  and 
their  great  zeal,  skill  and  disinterested  service,  as  shown  in  the 
memoirs  of  the  R.  Accademia  dei  Lincei,  and  in  the  work  of  the 
Royal  Geological  Commission,  including  the  special  studies,  maps 
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and  memoirs  prepared  by  it  for  the  International  Geological  Con- 
gress of  Bologna  in  1881.  The  new  Geological  Society  of  Italy, 
founded  at  the  same  date,  gives  promise  of  a  brilliant  future,  and 
has  already  published  many  important  memoirs. 


The  Serpentine  op  Staten  Island,  New  York.    By  T.  Sterrt 
Hunt  of  Montreal,  Canada. 

[ABSTRACT.] 

The  serpentine  of  Staten  Island  appears  as  a  north-and-south 
range  of  bold  bills,  rising  out  of  a  plain  of  mesozoic  rocks.  On 
the  west  side  are  triassic  sandstones  like  those  of  the  adjacent 
mainland,  including  a  belt  of  intrusive  diabase,  and  on  the  east 
the  overlying  and  nearly  horizontal  cretaceous  marls,  which  are 
traced  south  and  west  into  New  Jersey.  The  only  rocks  besides 
those  here  mentioned,  seen  on  the  island,  are  small  ai*eas  of  coarse- 
grained granite,  having  the  characters  of  a  veinstone  or  endogenous 
mass,  and  others  of  an  actinolite-rock,  both  exposed  among  the 
sands  on  the  northeast  shore  of  the  island. 

Mather,  who  described  this  locality  forty  years  since,  looked 
upon  the  serpentine  as  an  eruptive  rock,  like  the  parallel  belt  of 
diabase  seen  to  the  west  of  it,  but  Dr.  N.  L.  Britton,  of  the  New 
York  School  of  Mines,  who  in  1880  published  in  the  Proceedings 
of  the  New  York  Academy  of  Sciences  a  description  and  a  geo- 
logical map  of  the  island,  regarded  the  serpentine  as  similar  to 
that  which  is  stratified  as  a  contemporaneous  member  in  the  ancient 
gneissic  series  of  Manhattan  island,  and  appears  also  at  lloboken ; 
a  view  which  is  doubtless  correct. 

The  appearance  of  isolated  hills  of  serpentine  rising  among 
newer  rocks  is  common  in  other  regions,  and  is  by  the  writer  attrib- 
uted to  the  fact  that  this  insoluble  magnesian  silicate  resists,  to  a 
great  degree,  the  action  of  subaerial  decay,  which  converts  gneisses 
an(|  other  foldspathic  rocks  into  a  clay,  that  is  easily  removed ; 
leaving  the  beds  and  lenticular  masses  of  interbedded  serpentine 
in  relief.  In  many  parts  of  Italy,  where  ridges  or  belts  of  serpen- 
tine protrude  in  the  midst  of  tertiary  strata,  they  have  been  des- 
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cribed  as  eruptive  masses.  The  question  of  their  geognostical 
relations  is  there  often  complicated  by  the  fact  that  subsequent 
movements  of  the  earth's  crust  have  involved  alike  the  underlying 
serpentines  and  the  newer  strata,  and  have  given  rise  to  faults 
and  inversions,  by  which  the  younger  rocks,  overturned,  are  made 
lo  dip  towards  and  even  beneath  the  older.  This  condition  of 
things  the  writer  illustrated  by  references  to  localities  of  serpentine 
lately  examined  b}'  him  in  Liguria,  and  in  Tuscany,  where  the  true 
geognostical  relations  of  these  rocks  was  first  indicated  by  Gas- 
taldi.  The  structure  above  described  was  further  explained  by 
reference  to  the  similar  inversions  of  strata  to  be  seen  along  the 
western  base  of  the  Atlantic  belt,  from  the  Highlands  of  the  Hud- 
son southward,  along  the  Appalachian  valley. i 

The  wiiter  stated  that  although  serpentine,  under  subaerial  in- 
fluences, decays  much  less  rapidly  than  the  harder  gneisses,  it 
does  not  entirely  escape  this  process.  He  showed  that  this  rock 
on  Staten  Island  is  covered  in  parts  with  a  decayed  layer,  includ- 
ing portions  of  limonite,  separated  by  a  process  of  segregation  in 
pre-glacial  times,  since  in  the  subsequent  erosion  it  has  been  re- 
moved from  many  parts  of  the  serpentine-belt.  The  details  of 
this  decomposition  of  the  serpentine,  and  of  its  relation  to  glacial 
erosion  have  been  discussed  by  the  writer  in  an  essay  on  rock- 
decay,  to  appear  in  the  American  Journal  of  Science  for  Septem- 
ber, 1883.  He  acknowledged,  in  conclusion,  his  obligations  to  Dr. 
Britton  for  his  careful  descriptions,  and  for  his  personal  guidance 
on  Staten  Island. 


On  the  Genesis  and   Classification  op  Mineral  Veins.      By 
J.  S.  Newberry  of  New  York,  N.  Y. 


>Tbe  history  of  the  serpentine  of  Staten  Island  and  of  other  American  localities,  as 
well  as  those  of  Italy,  will  be  found  treated  at  length  In  the  author's  paper  entitled  The 
Geological  History  of  Serpentines,  with  notes  on  pre-Cambi  Ian  Roclisi ;  wliich  appears  in 
the  TrantaUionB  of  the  Itoyal  Society  of  Canada  tor  18812-188.1,    Vol.  I,  pp.  1G5  -  215. 

On  the  geological  map  of  the  state  of  New  York,  published  *'  by  legislative  authority  " 
in  1813,  the  serpentine  of  Staten  Island,  the  diabase  adjacent,  and  that  of  the  Palisndo 
range,  are  alike  colored  as  "  Trap  Rocks. " 
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On  The  Hamilton  Sandstone  of  Middle  Pennsylvania.     By  E3. 
W.  Claypole  of  Buchtel  College,  Akron,  O. 

[ABSTRACT.] 

The  Hamilton  sandstone  is  a  peculiar  local  development  in  the 
middle  of  a  group  composed  generally,  in  eastern  North  America, 
of  soft  shales.  The  middle  of  the  Hamilton  group  begins  to  grow 
sandy  near  the  Schuylkill  River,  the  proportion  of  sand  increasing 
to  the  southwest,  to  the  Susquehanna,  when  it  consists  of  a  heavy 
bed  of  sandstone  800  feet  thick  and  very  solid.  Hence  its  sand 
continues  but  grows  somewhat  less  in  quantity  to  its  last  api>ear- 
ance  at  twenty  miles  farther  to  the  southwest.  The  breadth  of 
this  belt  of  sand  is  not  great.  It  rapidly  shales  off  to  the  north- 
east and  is  scarcely  recognizable  thirty  miles  from  the  Blue  Moun- 
tains its  most  southerly  exposure. 

The  Hamilton  sandstone  may  consequently  be  regarded  as  an 
elongate  fan-shaped  mass  of  sand  intercalated  in  the  Hamilton 
shales  and  thinning  off  in  all  directions  from  a  single  point.  So 
far  as  it  is  possible  to  determine  it,  this  point  is  on  or  near  the 
southeastern  point  of  Perry  County. 

There  is  no  doubt  that  this  sandstone  once  extended  farther  to 
the  southward  but  the  enormous  erosion  that  has  taken  place  has 
removed  all  traces  of  it  south  of  the  Blue  Mountains ;  yet  what  re- 
mains is  enough  to  enable  us  to  form  an  idea  of  its  extent  when  de- 
posited. 

The  question  naturally  arises,  what  was  the  source  of  this  vast 
mass  of  sand  deposited  in  this  place  and  in  this  form? 

The  distribution  does  not  resemble  that  of  the  other  sandstones  in 
the  county.  It  is  comparatively  small  in  extent  and  far  from  uni- 
form in  thickness  and  consistency.  The  obvious  cause  that  first  sug- 
gests itself  is  that  we  have  the  deposit  of  a  large  river  of  that  dav 
which  brought  down  from  a  continent  a  quantity  of  sediment  whereof 
the  coarser  part  was  dropped  close  or  near  to  shore  and  the  finer  car- 
ried off  to  a  greater  distance.  In  that  view  of  the  case  the  river  must 
have  been  near  the  site  of  the  present  Susquehanna  but  must  have 
flowed  in  an  opposite  direction.  And  the  source  of  the  material  must 
have  been  a  large  tract  of  land  lying  to  the  south  or  southeast  of 
Perry  Count3%  the  mouth  of  the  ancient  stream  being  near  the 
present  site  of  Harrisburgh.  Such  a  tract  of  land  may  have  consisted 
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of  the  area  of  primal  sandstone  in  York  and  Lancaster  coanties  if 
at  that  day  exposed,  which  it  would  be  difficult  to  disprove,  or  else 
the  great  area  of  gneiss  ranging  southwest  from  Philadelphia.  In 
either  case  the  supply  of  sand  would  be  ample. 

Several  facts  may  be  quoted  in  support  of  the  opinion  above  ad- 
vanced. In  the  southeast  of  Perry  County  the  geological  column 
is  incomplete  as  compared  with  other  parts.  There  the  Hamilton 
sandstone  lies  on  the  top  of  the  Onondaga  red  shale,  all  the  interme- 
diate rocks  being  absent,  namely,  the  following : 


Hamilton  lower  shale 
Marcellus  black  shale 
'        iron  ore 
"         limestone 
'*  shale 

"  lower  ore 

Oriskany  sandstone 
Limestone  shale 
Limestone  . 


400  feet. 
100  " 

100  " 

40  " 
200  " 
100  " 


940 

with  part  of  the  upper  beds  of  the  Red  Shale.  It  is  a  fair  inference 
that  the  part  of  the  county  over  which  these  beds  do  not  occur 
was  diy  land  during  the  latter  part  of  the  interval  expressed  by 
their  absence,  and  that  during  all  this  latter  part  erosion  of  the 
beds  deposited  during  the  former  part  must  have  taken  place. 
Supposing  that  some  geographical  change  toward  the  close  of  the 
dry  land  period  had  the  effect  of  throwing  the  drainage  over  this 
district  by  diverting  or  developing  the  river  above  suggested,  we 
have  a  sufficient  cause  for  the  production  and  deposition,  of  the 
sand.  Sui)sidence  is  the  usual  accompaniment  of  deposition  and 
as  the  accumulation  of  sand  and  silt  increased  the  region  subsided 
extending  the  area  covered  until  finally  the  water  became  again 
deep,  the  deposit  of  sand  ceased,  and  was  succeeded  by  a  deposit 
now  forming  the  Hamilton  upper  shale. 

It  is  not  necessary  to  assume  any  elevation  of  the  land  as  a  cause 
of  the  dry  ground  spoken  of  above  in  the  southeast  of  Perry  County, 
etc.  Some  irregularity  in  the  subsidence  which  all  now  admit  ac- 
companied the  enormous  Appalachian  deposit  may  have  drawn  the 
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water  down  leaving  certain  districts  of  which  this  was  a  portion 
above  sea  level  for  a  time. 

This  part  of  Perry  County  is  the  most  ancient  dry  land  which 
geology  has  yet  indicated  in  the  district.  All  else  to  the  earliest 
accessible  times  was  open  sea. 


The  Equivalent  op  the  New  York  Water-lime  group  devel- 
oped  IN   Iowa.     By  A.  S.  Tiffany  of   Davenport,  Iowa. 

[abstract.] 

The  horizon  of  the  even-bedded  magnesian  buff  limestone  of 
the  Le  Claire  and  Anamosa  quarries  has  been  a  question  of  un- 
certainty and  dispute  and  for  more  than  twenty  years  organic  re- 
mains have  not  been  fou^d.  Prof.  C.  A.  White,  Vol.  I,  p.  182, 
says : 

In  the  former  report  of  the  Geology  of  Iowa,  two  distinct  formations 
of  the  Niagara  Group  were  recognized  and  described,  namely,  the  Niagara 
limestones  and  the  Le  Claire  limestones,  the  latter  resting  upon  the  former. 
Subsequent  stratigraphlcal  and  pal  aeon  tological  examinations  fail  to  show 
any  good  reasons  for  referring  any  of  the  Upper  Silurian  rocks  of  Iowa 
to  any  other  than  the  epoch  of  the  Niagara  limestones ;  therefore  they  are 
all  regarded  as  belonging  to  that  formation  alone.  Messrs.  Worthen  and 
Meek,  of  the  State  Geological  Survey  of  Illinois,  long  since  came  to  the 
same  conclusion,  and  in  the  recently  published  State  reports,  they  reaffirm 
it. 

Organic  remains  not  having  been  discovered  by  these  several 
geologists  they  were  left  with  only  lithology  and  superposition  to 
determine  the  horizon.  The  superposition  cannot  be  studied  suc- 
cessfully at  Le  Claire. 

There  are,  however,  many  places  in  Scott,  Cedar,  Clinton,  and 
Jones  counties  where  the  superposition  shows  that  it  is  superior  to 
the  Niagara.  The  Niagara  formation  in  Iowa  had  been  land,  and 
consequently  subject  to  denuding  agencies,  for  along  period  be- 
fore the  formation  under  consideration  had  begun  to  be  deposited. 
The  Niagara  deposit  had  been  deeply  scored  and  grooved  by  the 
channels  of  drainage. 
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Daring  this  period  many  hundreds  of  feet  of  Upper  Silurian 
rocks  were  deposited  in  the  state  of  New  York.  When  subsidence 
had  brought  the  Niagara  below  the  ocean  again,  the  deposition  of 
the  rocks  under  consideration  took  place,  filling  the  interstices  in 
the  eroded  Niagara  group.  Being  thus  protected  by  the  older  and 
harder  Niagara  rocks,  they  have  escaped  subsequent  erosion,  while 
the  higher  portions,  which  once  connected  these  numerous  outliers, 
have  been  swept  away. 

Prof.  Hall,  in  the  New  York  report  of  the  Geology  of  the  Fourth 
District,  p.  142,  Fig.  57,  in  describing  the  Water-lime  group,  fig- 
ures some  acicular  crystals  of  sulphate  of  baryta  which  are  numer- 
ous in  this  group  of  rocks  at  Anamosa. 

The  writer  had  been  diligently  seeking  for  organic  remains  for 
more  than  twelve  years,  and  was  at  last  rewarded  in  February, 
1882,  by  finding  great  numbers  of  fossils  in  the  stone  from  the  base 
of  the  Anamosa  quarries,  all  of  which  are  of  the  type  of  the  Water- 
lime  group,  among  which  the  following  were  determined  :^  Avictda 
(Pteronites)  rugosa  Conrad ;  Meristella  sulcata  Yanuxem  ;  Leperdi- 
tia  aita  Conrad ;  Geol.  of  the  N.  Y.  Fourth  District,  p.  142.  The 
fossils  were  exhibited. 


The  "  Earthquake  "  at  New  Madrid,  Mo.,  in  1811,  probably 
NOT  AN  Earthquake.  By  James  Macfarlane  of  Towanda, 
Penn. 

[ABSTRACT.l 

After  dwelling  upon  the  fact,  that  the  locality  of  the  alleged 
earthquake  was  not  the  seat  of  any  apparent  volcanic  action,  the 
author  proceeded  to  state  his  view  that  the  event  in  question  was 
due  to  a  different  cause.  He  believed  that  what  took  place  was  a 
subsidence,  due  to  the  solution  of  underlying  stmta.  He  alluded 
to  the  descriptions  afforded  by  Humboldt  and  Lyell,  the  latter  hav- 
ing visited  the  locality,  and  given  it  a  careful  examination.  The 
inhabitants  described  it  as  a  convulsion,  taking  place  at  intervals 
during  three  years  ;  creating  new  lakes  and  islands,  changing  the 

^Sinco  the  above  was  written  the  Spirifera  Vanuxtmi  HaU  baa  been  collected  from 
the  above  formation. 
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face  of  the  country.  The  graveyard  was  precipitated  into  the  Mis- 
sissippi river ;  forest  trees  were  tilted  in  all  directions ;  vast  vol- 
umes of  sand  and  water  were  discharged  on  high. 

The  author  presented  the  following  among  other  evidence  that 
the  phenomena  proceeded  from  mere  subsidence,  and'not  from 
earthquake  shocks.  Their  long  continuance,  from  1811  to  1813 ; 
their  progression  from  place  to  place,  ending  nearly  one  hundred 
miles  east  of  where  they  began  ;  that  they  were  never  repeated  in 
the  same  spot ;  that  none  of  the  ordinary  phenomena  of  earth- 
quakes occurred,  except  subsidence ;  that  no  great  alluvial  region, 
like  this,  was  ever  visited  by  an  earthquake ;  that  earthquakes  do 
not  occur  so  far  from  the  seashore  ;  and  that  the  falling  in  of  the 
Wade  farm  of  500  acres  on  the  shore  of  Reel-Foot  Lake,  in  Jan- 
uary, 1883,  was  a  continuation,  on  a  small  scale,  of  the  supposed 
earthquakes  of  1811-13. 

In  respect  to  the  geology  of  the  region,  he  stated  that  New  Mad- 
rid and  its  vicinity  rested  on  tertiary  or  quaternary  strata. 
Sub-carboniferous  formations  are  represented  near  the  borders  of 
the  depression.  Many  of  the  older  formations,  by  which  this 
quaternary  delta  must  be  deeply  underlaid,  are  of  a  soluble  char- 
acter, &s  IS  shown  where  they  are  exposed  in  the  interior  of  Ken- 
tucky. Similar  subsidences  have  evidently  taken  place  in  nearly 
every  limestone  country ;  the  remarkable  thing  about  this  being 
t*hat  it  occurred  in  modem  times  and  before  eye-witnesses.* 

I  For  dJscjBBBioii  #f  this  paper  see  Soienoe  for  Sept  7>  1883. 
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COKPARATIVB  STRENGTH   OF  MINNESOTA  AND  NeW  ENGLAND  GRAN- 
ITES.    By  N.  H.  Winchell  of  Minneapolis^  Minn. 

[ABSTRACT.] 

Having  had  recent  occasion  to  test  the  qualities  of  the  building 
stones  of  Minnesota,  the  author  subjected  them  to  the  usual  tests 
of  crushing,  using  for  this  purpose  specimens  of  two-inch  cube. 
The  specimens  included  sandstones,  limestones,  granites  and 
trap-rocks,  and  numbered  about  100.  Great  care  was  taken 
in  preparing  them  accurately.  They  were  sent  to  Gen.  Gill  more 
at  Staten  Island  and  there  subjected  to  the  tests,  which  were 
applied  by  crushing  the  samples,  one  in  the  direction  of  the 
schistose  structure  and  one  across  it.  The  following  were  the  re- 
sults with  twenty  samples  of  Minnesota  granites : 


Kind  of  stone. 


Dark  trap-rock,  massive  me- 
laphyr      ..... 

Dark  trap-rock,  ftrom  a  dyke. 
Gray  gabbrt>,  massive,  fine. 
Red,  line  sienite  .... 
Red  qnartzose  sienite  .    • 
Red  qnartzose  sienite  .    • 

Redqnartzite 

Massive  gray  qnartrose  si- 
enite     

Fine-grained  gray  sienite . 
Flae-grained  gray  sienite. 

Average  of 


Location  of  qnarry. 


j  Taylor's  Falls,  Chisago  { 
}     county ) 

I  Tischer's  creek,  near  Dn- ) 
'(     lutb,  St.  Louis  county,  S 

{  Rice's  Point.  Dnlath,  St.  { 
t     Louis  coimty  .     .     .     i 


)  Beaver 
f     county 


Bay,       Lake  | 


I  Watab,  Benton  county  .  | 

(East    St.    Cloud,    Sher- > 
f     burne  county  .    .    .     ) 

(  Pipestone    City,     Pipe-  / 
(     stone  county  •    .    .     { 

{East    St.    Cloud,    Sher-| 
)     burne  county .    .    .     ) 

(East   St.    Cloud,    Sher- / 
)     burne  county  .    .    .     ) 


Sauk  Rapids  . 


twenty  samples 


Position. 


On  bed  . 
On  edge, 

On  bed  . 
On  edge, 

On  bed  . 
On  edge, 

On  bed  . 
On  edge, 

On  bed  . 
On  edge. 

On  bed  . 
On  edge, 

On  bed  . 
On  edge, 

On  bed  . 
On  edge, 

On  bed  . 
On  edge, 

On  bed*  • 
On  edge. 


Strength  in 
pounds. 


Of 
sample. 


Per 

cubic 
inch. 


105,000 
105,000 

10S,000 
105,1)00 

109,000 
105,000 

100.000 
103,000 

103,000 
103,000* 

112.000 
105,000 

111,000 
108,000 

106.000 
103,000 

112.000 
105,000 

W.OOO 
1U0,00U 


104,800 


28.250 
26,250 

26,250 
26,250 

26,250 

25.000 
25,750 

25,750 
25,750 

28,000 
26,250 

27,760 
27,000 

26,2.^0 
25,750 

28.000 
26,250 

21.500 
25,000 


26,675 


1  Estimate. 


«  Probably  an  imperfect  sample. 
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Allowing  for  eleven  per  cent  difference  between  processes  ot 
crushing  between  steel-plates  and  between  wooden  cushions,  this 
gives  an  average  for  Minnesbta  granites  of  23,318  pounds  per 
square  inch. 

The  following  are  the  records  of  tests  of  twenty  New-England 
granites :  — 


Kind  of  stone. 


Location  of  quarry. 


Position. 


Strength  in 
pounds. 


Of 

sample. 


Per 
coble 
inch- 


Blae 


Dark  . 
Light  . 
Flagging 


Porter's  rook, 
Gray      .    .    . 
Gray      .    .    . 
Bluffih-gray     . 
Bluish-gray     . 


Niantio  river, 
Nianiio  river. 


Average  of 


Staten  Island,  N.  Y. 
Fox  Island,  Me. 
Dix  Island,  Me. 
Quincy,  Mass. 
Quincy,  Mass. 
Hudson  River,  N.  T, 
Cape  Ann,  Mass 
Mystic  Kiver,  Conn. 
Stony  Creek,  Conn, 
FttU  River,  Mass 
Keene,  N.  H. 
Eeene,  N.  H.  . 
Millstone  Ft.,  Conn 
Greenwich,  Conn 
New  London,  Conn 
New  London,  Conn 
Vinalhaven,  Me. 
VInalhaven.  Me. 
Westerly,  B.  I.  . 
Westerly,  R.I.  . 


twenty  granites 


On  bed. 


On  bed, 
On  bed, 
On  bed. 
On  bed, 
On  bed, 
On  bed, 


On  edge. 


On  bed. 
On  edge. 


89.250 
69,600 
60.000 
71,000 
60,000 
63,700 
59.750 
72Ji«0 
60.000 
63,750 
41.000 
61,600 
64,750 
45.200 
60,000 
60,700 
62.000 
67,000 
58,750 
59,750 


69,785 


23,315 
14,875 
15,000 
17,750 
14,730 
13,425 
14JB7 
18.125 
15.000 
15,9J7 
10.250 
12.875 
16,187 
11,300 
12,500 
14,175 
13,150 
16,750 
14.C89 
14,9J7 


14,946 


After  discussing  several  supposable  causes  of  error,  and  show- 
ing that  they  could  not  have  applied  to  the  present  case,  the 
author  proceeds  to  suggest  causes  why  the  Minnesota  granites 
may  be  stronger  than  those  of  New  England.  He  thinks  those 
of  the  west  may  have  been  less  changed  by  decay.  The  lateness 
of  the  glaciation  to  which  they  were  exposed  may  have  lefb  them 
comparatively  fresh  through  the  recent  removal  of  a  considerable 
thickness.  On  this  point  we  shall  be  more  certain  when  the  glacial 
moraines  have  been  fully  traced  from  west  to  east,  and  the  eastern 
analogues  are  determined. 
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The  Singing  Beach  of  Manchester,  Mass.    By  H.  C.  Bolton 
of  Hartford,  Conn.,  and  A.  A.  Julien  of  New  York,  N.  Y. 

[ABSTRACT.] 

The  authors  describe  the  acoustic  phenomena  observed  by  one 
of  them  at  Manchester-by-the-Sea,  Mass.,  and  on  the  island  of 
Eigg,  Hebrides,  together  with  the  results  of  microscopical  exami- 
nation of  the  sands.  The  beach  at  Manchester  forms  a  small  cres- 
cent about  three-quarters  of  a  mile  long,  and  is  terminated  at 
each  end  by  bold  promontories  of  granite,  rich  in  feldspar,  and 
intersected  by  numerous  dykes  of  igneous  rocks  among  which 
porphyritic  diorite  is  noticeable.  The  beach  sand  resembles  at 
first  sight  ordinary  sea-shore  sand,  but  when  struck  by  the  foot,  or 
stroked  by  the  hand,  yields  a  peculiar  sound  which  may  be  likened 
to  a  subdued  crushing ;  the  sound  is  of  low  intensity  and  pitch,  and 
is  not  metallic  nor  crackling.  This  phenomenon  is  confined  to  that 
part  of  the  beach  lying  between  water-line  and  the  loose  sand  above 
the  reach  of  ordinary  high  tide.  Some  parts  of  the  beach  emit  a 
louder  sound  than  others.  The  sounding  sand  is  near  the  surface 
only ;  at  the  depth  of  one  or  two  feet  the  acoustic  properties  disap- 
pear, probably  owing  to  the  moisture.  Only  the  dry  sand  has  this 
property.  The  sounds  occur  when  walking  over  the  beach,  increase 
when  the  sand  is  struck  obliquely  by  the  foot,  and  can  be  intensified 
by  dragging  over  it  a  wooden  pole  or  board.  A  slight  noise  is 
perceptible  upon  mere  stirring  by  the  hand,  or  upon  plunging  one 
finger  into  the  sand  and  suddenly  withdrawing  it. 

Similar  beaches  occur  in  various  parts  of  the  world.  One  of  us 
visited  the  island  of  Eigg,  Hebrides,  in  July  and  found  the  acous- 
tic phenomena  quite  similar  to  those  of  Manchester.  The  Eigg 
locality  has  been  described  by  its  discpverer  Hugh  Miller.  One 
of  the  most  famous  localities  in  the  world  is  on  the  island  of  Kauai, 
of  the  Hawaii  Islands.  There  the  sounds  are  said  to  be  so  loud  as 
to  resemble  distant  thunder,  when  any  great  weight  is  dragged 
over  it.  As  elsewhere  dampness  prevents  the  sound.  The  sand 
is  almost  wholly  calcareous  and  has  been  examined  by  Dr.  Blake 
of  San  Francisco. 

In  other  places  sonorous  sand  is  associated  with  high  dunes  or 
steep  hills ;  of  these  the  most  famous  is  Jebel  Nakous  on  the  Gulf 
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of  Suez,  in  Arabia  Petraea,  which  has  been  described  by  many 
European  travellers.  A  similar  hill  exists  near  Cabul  in  Afghan- 
istan. The  sand  of  these  bills  is  silicions.  In  Churchill  Co.,  Nev., 
a  somewhat  similar  phenomenon  is  described,  the  sound  being 
likened  to  that  produced  by  telegraph  wires  when  the  wind  blows 
through  them. 

Microscopical  examination  of  the  sands  from  several  localities 
shows  them  to  be  unlike  in  constitution,  in  form,  and  in  structure. 
The  sand  of  Manchester  is  about  fifty  per  cent  feldspar,  that  of 
Kauai  is  calcareous,  that  of  Eigg  silicious.  The  latter  is  peculiar 
in  containing  dark  granules  of  chert  (to  about  three  or  four  per 
cent  of  the  whole)  which  has  a  cellular  structure.  The  quartz  is 
present  in  various  sizes,  some  rounded  and  others  angular. 

To  explain  the  sonorous  properties  of  these  sands  several 
theories  are  considered.  That  of  equality  of  size  of  the  grains  is 
rejected.  Resonance  due  to  cellular  structure  probably  accounts 
for  the  sound  in  the  sands  of  Kauai  and  of  Eigg,  but  this  structure 
does  not  occur  in  other  cases.  Effervescence  of  air  between  moist- 
ened surfaces  does  not  apply  to  the  Manchester  sand.  Sonorous 
mineral  or  rock,  such  as  clinkstone,  is  not  present.  There  is  no 
evidence  of  electrical  phenomena  being  concerned.  The  hypothe- 
sis adopted  is  based  upon  the  structure  of  the  sand  which,  instead  of 
being  composed  of  the  usual  rounded  particles,  is  made  up  of  grains 
with  flat  and  angular  surfaces.  In  the  Manchester  sand,  the  plane 
surface  of  feldspar  is  apparent  in  many  of  the  grains.  Probably  a  cer- 
tain proportion  of  quartz  and  feldspar  grains  is  adapted  to  give  the 
sound,  while  less  or  more  of  either  component  would  fail  of  the  re- 
sult. 

It  is  concluded  that  different  conditions  are  concerned  in  the 
production  of  the  sound  in  different  localities ;  as,  for  example, 
cellular  structure,  intermixture  of  grains  having  cleavage  planes, 
parallel  arrangement,  slight  cementation  of  the  grains,  etc. 

The  paper,  which  is  to  be  regarded  as  a  preliminary  notice,  ends 
with  a  table  showing  the  physical  stnicture  of  the  sands  from 
many  localities.  The  authors  add  an  urgent  request  for  the  con- 
tribution of  similar  facts  and  additional  material  from  other  places 
at  which  the  phenomena  may  be  observed. 
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The  Earth's  Orographic    frabiework:    its    Seismology  and 
Geology.    By  Richard  Owen  of  New  Harmony,  Indiana. 

[ABSTRACT.] 

I.     Its  Orography. 

Several  writers^  have  already  pointed  out  the  almost  uninter- 
rupted successions  of  important  mountain-chains,  from  the  Can- 
tabrians  easterly  to  China. 

The  present  paper  calls  attention  to  the  connection  of  that  so- 
called  ''Stony  Girdle  of  the  Earth"  with  two  important  G.  C's^  of 
seismic  activity,  and  with  geological  changes  of  comparatively  re- 
cent date. 

If  we  bring  to  the  zenith  the  re^on  of  land  centre,  the  P.  V. 
will  coincide  with  the  main  ranges  of  the  great  east  and  west  oro- 
graphic framework,  at  least  from  the  Cantabrian  mountains  nearly 
to  the  Hindu  Gush,  and  Pamier  plateau  (or  "Roof  of  the  World"), 
whence  the  P.  V.  crosses  the  basaltic  Deccan  to  Sumatra,  where 
it  is  90®  east  of  the  B.  M.  In  the  same  way,  continuing  west  from 
the  Cantabrians,  we  find  the  P.  V.  pass  through  the  Azores  and 
the  Lesser  Antilles,  reaching  Caraccas  to  follow  the  eastern  Cor- 
dillera of  the  Andes  to  the  region  of  the  volcanic  plateau  near 
Quito,  with  its  three  active,  five  dormant  and  twelve  extinct  vol- 
canoes, exactly  90**  west  of  the  B.  M. 

A  plane  projected  through  our  globe,  coincident  with  the  B.  M. 
would  divide  the  earth  into  an  eastern  and  western  hemisphere, 
having  respectively  the  regions  of  Quito  and  Sumatra  for  the  centre 
of  each,  exhibiting  a  duality,  not  so  apparent  when  we  divide  the 
hemispheres,  as  in  most  geographies,  about  mid-Alantic.  The 
unabbreviated  paper  points  out  many  evidences  of  this  duality, 
and  indeed  of  a  symmetrical  distribution  of  land  and  water,  seis- 
mic phenomena  and  magnetic  intensity. 

The  Andean,  and  subsequently  the  Rocky  Mountain  "Back- 
bone," or  continuous  chain  of  nearly  8000  miles  (if  we  estimate 
from  Patagonia  to  Alaska)  intersects  the  P.  V.  at  Quito ;  while 
the  somewhat  inten*upted  chain  from  Behring's  Straits  through 

»  Manaal  of  Modern  Geogr.  by  Dr.  MacKny,  also  the  "Abode  of  Snow"  by  A.  Wilson. 

*  The  abbreviations  used  in  the  Montreal  paper  "Contributions  to  Seisraology"  nro 
beie  continned.  B.  M.  (brazen  meridian)  is  also  usctl  to  indicate  the  meridian  of  land 
centre,  where  Switzerland  is  brought  to  the  zenith.  If  an  international  prime  meridian 
is  ever  adopted  this  B.  M.  would  appear  to  have  the  strongest  claims  to  that  distinction. 
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Kamchatka,  the  Euriles,  Japan,  etc.,  intersects  the  P.  V.  not  only 
near  Java,  in  the  eastern  hemisphere,  bat  also  at  Caraccas  in  the 
western  hemisphere. 

II.     The  Seismology  oftlie  ''Stony  Girdled 

The  intersections  of  the  P.  V.  at  Quito,  Caraccas  and  Java  are 
near  the  regions  of  most  internal  activity,  as  proved  by  the  Tom- 
boro  and  other  outbursts,^  the  thirty-eight  volcanoes  in  Java,  etc., 
on  the  one  hand,  as  well  as  by  the  Cotopaxi-Sangai  eruptions,  and 
the  Riobamba,  Caraccas  and  other  earthquakes  of  that  proximity, 
added  to  the  Central  Ameiiean  Coseguina,  Izalca,  etc.,  seismic  ac- 
tion, on  the  other  hand. 

The  law  seems  to  be  that  the  active  volcanoes  often  form  part 
of  the  "Stony  Girdle,"  while  earthquake  regions  usually  display 
their  activity  within  areas  enclosed  by  the  great  orographic  links. 
Orton,  in  his  "Andes,"  p.  161,  speaking  of  earthquakes  there,  says : 
"Most  damage  is  done  where  the  sedimentary  plains  abut  against 
the  hard,  upturned  strata  of  tlie  mountains." 

The  great  arctic  and  antarctic  volcanic  chain  from  Kamchatka 
and  the  Kuriles,  along  Japan  and  across  Sumatra,  thence  through 
the  southern  Pacific  to  South  America,  and  along  the  Andean  and 
Ilocky  Mountain  backbone  of  America  to  Behring's  Straits  again, 
has  its  nearly  two  hundred  linear  volcanoes,  to  a  considerable  ex- 
tent on  the  orographic  main-chain ;  whereas  when  we  trace  the  P. 
V.  as  a  belt,  we  find  its  seismic  regions  chiefly  between  the  mount- 
ain ridges  which  make  up  that  belt  or  girdle. 

Beginning  at  the  Cantabrians,  we  may  follow  the  Pyrenees, 
Alps,  Carpathians,  etc.,  east  to  the  Caucasus ;  again  we  may  trace 
a  nearly  parallel  chain  several  hundred  miles,  south  of  the  first, 
running  from  the  Spanish  Sierra  Nevada,  in  an  easterly  direction 
through  the  Balearic  Islands  and  northern  Sardinia,  close  to  Is- 
cliia,  thence  to  the  highest  Balkans  (some  nearly  10,000  ft.  high) 
and  along  Anti-Taurus  to  Armenia.  A  third  parallel  range  may 
be  followed  from  the  Atlas  mountains  to  Sicily,  the  Morea,  and 
Taurus,  including  Candia  and  Cyprus,  also  to  Armenia.  .  There 
all  three  unite  to  form  the  Persian  Caucasus,  from  Demavend, 
along  the  Paroparaesan  range  to  the  Hindu  Cush,  as  already  in- 
cated. 

'  7*0  which  wo  inny  now  a(M  the  recent  catastrophe  in  Uie  Straita  of  Snnda,  and  at 

the  iK>ulhwc8t  cxiicinily  of  Java,  produced  by  Karakas. 
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Either  on,  or  within,  this  tri-partite  belt,  we  find  the  extinct  An- 
vergne  volcanoes,  the  active  mountains  or  other  regions,  such  as 
Etna,  Vesuvius,  submarine  ''Graham,"  the  Lipari  Islands,  Santo- 
rin  and  four  other  volcanic  islands^  in  the  Grecian  Archipelago, 
the  mud  volcanoes  of  Perekop,  the  Chimaera  in  Lycia,^  the  Baku 
''Field  of  Fire ;"  also  the  extinct  volcano  of  the  Caucasus  (Elbu- 
roz)  ;  those  of  Armenia  (Ararat,  Kasbek  and  Savalan  Dagh ;  be- 
sides the  active  Demavend,  in  the  Elburz  or  Persian  Caucasus. 

We  have,  further,  within  this  area,  the  highly  seismic  regions  of 
Lisbon,  Switzerland  and  Italy,  especially  Calabria ;  also  of  Ag- 
ram,  Cattaro,  and  Ragusa,  Negropont,  Scios,  Smyrna,  Antioch, 
Tabriz  in  Persia,  Schamaki,  and  numerous  places,  besides  the 
Cutch,  on  the  route  to  Sumatra,  with  its  four  active  and  fifteen  ex- 
tinct volcanoes. 

Tracing  the  P.  V.  west  from  the  Cantabrians,  we  have  two  vol- 
canoes in  the  Azores  and  ten  in  the  West  Indies,  all  nearly  on 
the  P.  V.  line  to  Quito.  This  P.  V.  thus  followed  through  the 
land-hemisphere,  if  traced  through  the  oceanic-hemisphere,  will  be 
found  to  pass  through  volcanic  New  Zealand. 

It  is  also  worthy  of  note  that  when  the  P.  V.,  or  one  of  its  col- 
lateral stony  furcations,  intersects  any  one  of  the  five  equidistant 
continental  eastern  trends  (described  in  the  Montreal  paper  on 
"Seismology")  there  are  usually  found  important  orographic  and 
seismic  results. 

III.     The  Geology  of  the  ''Stony  Girdle:' 

A  close  inspection  of  Murchison's  Geological  Map  of  Europe, 
as  well  as  of  D'Orbigny's  "Extension  Geographique,"  especially  for 
the  "N6ocomien"  and  "Suessonien  ;"  also  of  Dana's  and  Geikie's 
latest  text-books,  besides  many  other  works  detailing  the  Creta- 
ceous and  Tertiary  areas,  can  scarcely  fail  to  satisfy  us  that  we 
can  trace  both  Cretaceous  and  Tertiary  along  almost  the  whole 
line  of  the  P.  V. 

The  conclusion  forced  upon  us  seems  to  be  that  the  Alps,  the 
Carpathians  and  Balkans,  the  Euxine-Caspian  Caucasus,  as  well 
as  the  Persian  Caucasus,  and  Sivalik  Hills  or  sub-Himalaya  range, 
also  the  more  southerly  Atlas-Taurean  atrike,  together  with  the 
western  extension  of  the  P.  V.  through  the  Azores  and  West  In- 
dies to  Chimborazo,  all  owe  their  present  elevation  partly  to  the 

*  Dana'8  Mnnnal,  p.  703. 

*  Cosmos,  Vol.  iv  (Sabiui's  trans.);  p.  2S1. 
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orographic  impalse  about  the  close  of  the  Mesozoic,  and  partly  to 
the  earlier  Tertiary,  especially  Nummulitlc  Eocene,  and  Oligocene : 
slowly  attaining  nearly  their  maximum  eminence  during  the  Mio- 
cene ;  since  which  little  addition  seems  to  have  been  made,  as  the 
Pliocene  and  Quaternary  are  usually  undisturbed,  except  probably 
in  the  Andes.  Illustrative  details,  which  could  readily  be  given, 
have  of  course  to  be  omitted  in  an  abstract. 

JRecapittilation. 

It  appears,  then,  that  a  great  mountain-framework,  in  several 
parallel  ranges,  extends  nearly  east  and  west,  from  the  centre  of 
land,  near  the  "Furka"  watershed  of  great  rivers  (Rliine,  Rhone, 
tributary  of  Danube,  etc.)  to  the  equator,  respectively  at  Quito  and 
Sumatra.  Strengthening  braces  run  from  the  elevated  Asiatic 
plateau  region,  and  sources  of  great  diverging  rivers  (Brahmaputra, 
Ganges,  Indus,  with  tributaiy  Sutlej,  etc.)  in  at  least  four  grand 
ramifications  through  Asia ;  while  America  is  similarly  strength- 
ened by  its  continental  arctic-antarctic  "backbone,"  whence  flow 
the  mighty  waters  of  the  Missouri,  Amazon  and  other  streams. 

The  east  and  west  "Framework,"  and  the  arctic-antarctic  Belt, 
indicate  intense  reaction  from  the  interior  to  aid  this  recent,  as 
well  as  earlier,  mountain-making :  the  five  equidistant  continental 
trends  often  marking  Paleozoip  belts^ ;  while  the  east  and  west 
"Stony  Girdle"  is  of  Mesozoic  age,  with  its  highest  finish  in  Cen- 
ozoic  times,  leaving  a  belt  of  almost  continuous  fire,  at  space-in- 
tei-vals  sufficiently  near  to  promise  a  continuance  of  erupted 
products,  during  at  least  Quaternary  history :  namely,  through  the 
five  ever  active  regions  mentioned  by  Humboldt,  Izalco,  Masaya 
and  Sangai ;  Fogo,  Stromboli  and  Chimaera,  besides  others,  scarcely 
less  active  such  as  Santorin  and  the  Malay  Archipelago 


The  Continental  Type,  or  normal  Orography  and  Geology  op 
CONTINENTS.     By  RiCHARD  OwEN  of  Ncw  Harmouy,  Indiana. 

[ABSTRACT.] 

In  each  one  of  the  five  great  continents  may  readily  be  traced 
a  general  plan  of  construction,  or  physiography,  connected  with 
their  appearance  as  land  above  the  ocean  ;  also  a  similarity  in  their 
geognostic  history  and  present  geological  areas. 

*  Sec  Murchison'B  map  of  Paleozoic  regions,  in  **Silurin/'  to  foce  p.  675. 
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In  order  to  mako  this  apparent,  let  us  construct  a  cross-section 
of  each  continent,  taking  the  ocean  as  our  base  line,  and  running 
from  W.  S.  W.  through  the  geographical  centre*  of  the  continent 
to  E.N.  E. 

In  each  case,  we  find  a  seismic  belt,  near  at  least  one  rim  of  the 
continent,  usually  of  both,  either  on  the  shore  border,  or  just  out- 
side in  the  ocean.  Orographicallj',  each  continent  is  more  or 
less  basin-shaped,  being  comparatively  low  in  the  central  area, 
with  its  chief  river  drainage ;  and  low  near  the  ocean  borders ;  ris- 
ing in  an  eastern  and  western  main  range,  with  usually  several  par- 
allel subordinate  ridges.  These  eastern  and  western  mountains 
generally  converge  southerly,  thus  assuming  a  somewhat  triangular 
form  enclosing  often  on  the  west  some  table-land. 

The  eastern  rim  is  usually  Paleozoic  with  perhaps  some  Meso- 
zoic  on  the  flanks,  and  Cenozoic  on  the  ocean  border.  The  west- 
em  elevation  is  more  commonly  Mesozoic  in  its  main  range,  and 
Cenozoic  on  the  flanks,  or  subordinate  ridges. 

A  section  running  north  and  south  (instead  of  easterly  and 
westerly)  through  the  three  northern  continents  would  successively 
expose  Archaean,  Paleozoic,  Mesozoic  and  Cenozoic  cuts,  which  for- 
mations would  generally  increase  in  area  as  we  go  SQuth. 

1.  Beginning  on  the  west  with  N.  America^  we  find  (on  travers- 
ing the  continent  from  the  region  of  California,  through  the 
continental  centre,  near  the  west  end  of  Lake  Superior  to  Maine) 
first  the  seismic  belt  running  along  the  west  coast  of  N.  America 
(marked  "  D' "  in  the  Montreal  paper  on  Seismology)  then  comes 
the  Cenozoic  in  the  coast  range  and  on  the  fianks  of  the  Sierra 
Nevada ;  subsequently  the  Rocky  Mountains,  chiefly  Mesozoic ; 
but,  by  -Iheir  extensive  basaltic  outflows,  forming  tablelands  of 
Tertiary  areas  affording  land  and  fresh- water  fossil  animals,  some- 
times of  gigantic  proportions,  also  lignitic  coal ;  then  follows  a 
gradual  slope  to  the  great  valley  of  central  drainage.  Soon  after 
passing  the  height  of  land,  we  encounter  the  White  Mountain  and 
Eatahdin  reextension  of  the  Paleozoic  Appalachians,  with  a  con- 
siderable amount  of  Mesozoic  on  the  eastern  slopes,  and  some 
Cenozoic,  rather  south  of  our  line  at  Cape  Cod  and  Martha's  Vine- 

1  ThU  Is  nsnallf  In  about  lat  48*-40*  N.,  for  northern  continents;  on  the  eqnntor,  for 
Afiica;  and  on  the  Tropic  of  Cancer,  for  S.America  and  Aastralia;  as  shown  In  de- 
tail at  pp.  437,  et  $eq.,  of  Boston  Vol.  of  Troc,  In  paper  on  **  Law  of  Land-Forming." 
A.  A.  A.  S.,  VOL.  XXXU.  17 
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yard.  The  section  closes  near  the  meridian  of  the  seismic  belt, 
ranning  from  Central  America,  through  the  West  Indies  to  Iceland : 
viz.  Great  Circle  ''F'." 

To  supplement  the  above  east  and  west  sections,  we  may  trace 
N.  America  from  north  to  south,  which  will  give  us  Archaean,  as 
far  down  as  Lake  Su[>erior;  then  Paleozoic,  as  we  go  south  to 
Tennessee ;  then  chiefly  Mesozoic  (except  in  the  extreme  centre  of 
erosion)  to  the  state  of  Mississippi ;  and  thence  Cenozoic,  to  the 
Gulf  of  Mexico,  as  well  as  in  Texas  and  Mexico. 

2.  Let  us  take  Europe  next,  in  cross-section  from  northern 
Spain,  through  Tatra  (the  centre  of  the  continent)  to  the  Caspian, 
its  eastern  termination,  in  a  depression  84  ft.  lower  than  the  ocean. 
We  find  on  the  west  a  seismic  belt  (G.  C.  "  C",  passing  over  the 
submarine  volcanic  areas  of  the  Cape  Verd  and  Canary  Islands,  be- 
sides Lisbon)  ;  then  some  Cenozoic  in  north  Spain  ;  then  chiefly  Me- 
sozoic with  some  Cenozoic  in  the  Pyrenees,  Alps  and  Carpathians ; 
then  a  valley  of  great  drainage :  the  Danube,  Dniester,  Dnieper, 
Don  and  otiier  rivers  flowing  into  the  Black  Sea ;  besides  the  Volga, 
etc.,  into  the  Caspian. 

On  or  near  this  section  line,  we  have  trap,  trachyte  and  other 
ancient  eruptive  rocks,  flowing  out  at  various  points  in  France, 
Switzerland  and  Austria ;  then  we  traverse  the  tablelands  of  Hun- 
gary and  Transylvania.  Although  the  Caucasus  is  chiefly  Meso- 
zoic with  Cenozoic  on  the  flanks,  yet  a  little  south  of  our  section 
line,  Murchison  shows  a  considerable  area  of  Metamorphic,  and 
some  Paleozoic,  along  the  anti-Taurus  mountains,  as  they  trend 
toward  Armenia ;  while  north  of  our  section,  we  have  the  Paleozoic 
of  Perm  and  the  Urals,  with  outflows  of  trap,  extending  nearly  the 
whole  length  of  that  range ;  and  lastly  we  encounter  tlie  highly 
seismic  regions  around  the  Caspian,  which  form  part  of  G.  C.  "D.," 
the  same  which  passes  along  our  Appalachians. 

3.  Asia,  In  a  cross-section  from  the  Caspian  through  the  conti- 
nental centre,  near  Lake  Baikal,  to  Japan,  starting  from  the  low, 
seismic  region,  we  cross  portions  of  the  radiating  ridge  from  the 
Hindu  Cush  and  Himalayas ;  then  traverse  the  comparatively  low 
Lake  Baikal  region,  and  meet  the  Ehingan  mountains  on  our  route 
to  Japan. 

The  high  Himalayas  are  at  least  partly  Mesozoic,  with  Cenozoic 
on  their  flanks,  in  the  Sivaliks ;  the  central  portion  of  Asia  is  also 
partly  Mesozoic,  partly  Cenozoic ;  in  the  Provinces  between  the 
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south  extremity  of  the  Khingans  and  the  eastern  ramifications  of 
the  Kuen  Lun,  namely,  in  Hunan  and  Szechnan,^  the  Paleozoic 
affords  true  Carboniferous  coal ;  while  in  Japan  with  its  numerous 
Tolcanoes,  there  is  much  Cenozoic.^ 

4.  S.  America.  The  centre  of  this  continent  being  on  the  Tropic 
of  Capricorn,  our  section  may  run  from  the  region  of  N.  Chili, 
through  Brazil,  a  little  north  of  Rio.  In  this  section,  we  have  the. 
Cordilleras  in  double  range,  and  find  Sorata  and  Sabama,  the  high- 
est mountains  in  the  western  hemisphere,  somewhat  north  of  this 
line.  The  mean  height  of  the  Brazil  tablelands  is  from  2000  to 
3000  ft. ;  but  the  eastern  Sierra  Montequeira,  north  of  Rio,  attains 
the  altitude  of  10,000  ft. 

The  great  centre  is  drained  north  by  the  Madera  river,  running 
into  the  Amazon  ;  south  by  the  Paraguay  and  Parana  fiowing  into 
the  La  Plata. 

With  reference  to  the  geology  of  this  region,  Darwin,  D'Orbigny, 
Professors  Hitchcock  and  Orton^  mention  considerable  areas  of  Pa- 
leozoic in  the  Bolivian  Andes  and  in  eastern  Brazil,  with  some  inter- 
mediate Oolitic,  Cretaceous  and  Tertiary ;  the  latter  extending, 
with  Quaternary,  south  over  much  of  the  Argentine  Republic  and 
all  Patagonia.  They  think  that  this  Cenozoic  occupies  the  area 
of  wide  straits,  which  formerly  separated  the  Andes  from  Brazil. 
Some  Paleozoic  rocks  are  also  found  in  Chili,  along  with  its  enor- 
mous mountains  of  trachyte  and  active  volcanoes.  Erupted  por- 
phyries are  likewise  very  abundant.  On  each  side  of  the  continent 
there  are  seismic  belts ;  one  on  the  east  partly  submarine  (G.  C. 
"C"),  the  other  on  the  west,  running  along  the  Andes,  etc., 
(G.  C.  "D"')  indicating  the  normal  type. 

5.  In  Africa^  as  the  centre  of  land  is  near  St.  Thomas's  Island, 
it  is  more  convenient  to  run  the  section  a  little  farther  north,  say 
from  Liberia,  nearly  through  Lake  Tchad  to  northern  Abyssinia, 
80  as  to  give  land,  instead  of  water,  on  the  western  half.  The 
law  here  holds  good ;  showing  us  the  elevations  of  the  Kong 
mountains  to  some  9000  ft.,  and  at  the  north,  in  the  distance,  the 
Atlas  range  attaining  over  11,000  ft.,  while  the  more  eastern 
ranges  in  Abyssinia  reach  12-15,000  ft.  We  observe  also  the 
extensive  central  depressions,  and  the  drainage  south  by  the 
Niger. 

The  geology  is  not  accurately  known  yet,  but  seems  to  be  Cen- 

*  See  Thompson'!  China,  p.  441.      *  Mist  Bird's  Japan.      * "  The  Andes,"  p.  117. 
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ozoic  with  some  Mesozoio  centrally  (especially  farther  north  in 
Sahara)  ;  and,  outside  the  eastern  basin  rim,  chiefly  Cenozoic  in 
Arabia  and  around  the  Persian  Gulf.  The  Atlas  mountains  are 
Cretaceous,  overlying  Paleozoic,  with  some  Cenozoic  on  their 
flanks.  Along  the  Abyssinian  Metamorphic  mountains,  with  some 
Triassic,  we  trace,  as  also  in  Ethiopia  and  Egypt,  dioritic  and 
syenitic  eruptions.  The  whole  of  the  Pyramid  of  Cheops  is  of 
nummulitic  limestone,  but  the  lesser  pyramid,  beyond  the  Sphinx 
from  Cheops,  has  its  first  \&yeT  of  syenite,  the  next  being  num- 
mulitic limestone.  The  Sphinx  itself  is  carved  from  a  red  sand- 
stone in  aituy  partly  covered  by  the  drifting  sand,  but  still  showing 
distinctly  the  beds  of  stratification. 

Outside  the  continent  of  Africa,  we  have  two  great  seismic 
belts  ;  that  on  the  west  being  G.  C.  "C,"  which  embraces  the  vol- 
canoes of  Cape  Verd,  Canary  Islands,  etc.  The  seismic  G.  C. "  B," 
on  the  east,  besides  traversing  the  Sandwich  and  Comoro  Islands, 
runs  near  the  Bourbon  and  the  Red  Sea  volcanoes  and  crosses  the 
volcanic  and  earthquake  region  of  Central  Asia*  The  existence  of 
the  Thian  Shan  volcanoes,  notwithstanding  the  negative,  opposing 
hearsay  evidence  of  Schuyler,  in  his  work  on  Turkestan  that  "  no 
volcanoes  had  been  seen  by  his  informants,"  nevertheless  receives 
strong  positive  testimony,  in  Chinese  records ;  and  has  secured 
the  sanction  of  Humboldt,  Mallet,  Guyot  and  other  eminent 
scientists. 


On  Rhizocarps  in  the  Paleozoic  Period.    By  J.  W.  Dawson 

of  Montreal,  Canada. 

[ABSTRACT.] 

The  paper  noticed  the  discovery  of  Sporangites  Hunmerms 
Dawson,  in  the  Erian  shale  of  Kettle  Point,  Lake  Huron,  and  its 
description  by  the  author  in  1871, ^  when  these  organisms,  abound- 
ing in  a  bed  of  bituminous  shale  twelve  feet  in  thickness,  were  des- 
cribed as  probably  sporangia  or  macrospores  of  some  acrogenoas 
plant.  Mention  was  then  made  of  the  subsequent  discoveries  of 
Professor  Orton  in  the  Erian  shales  of  Ohio,  and  those  of  Prof. 
H.  S.  Williams  and  Prof.  I.  M.  Clarke  in  New  York,  whereby  it 

1  American  Journal  of  Soienct. 
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appeared  that  eimilar  organisms  are  abundantly  distributed  in 
those  states  through  shales  250  to  300  feet  thick,  and  extending 
over  wide  areas.  The  late  Professor  Hartt  had  also  found  similar 
bodies  in  Brazil.  A  new  light  had  been  thrown  on  these  facts  by 
the  discovery  in  the  Erian  shales  of  Brazil  of  these  bodies,  still 
contained  in  circular  envelopes  or  sporocarps  similar  to  those  of 
ScUvinia  and  other  modern  Rhizocarps.  This  discovery  was  duo 
to  Professor  Orville  Derby  of  the  Brazilian  Geological  Survey, 
who  also  had  sent  specimens  to  the  author. 

Mr.  Derby's  specimens  contain  Spirophyton  and  also  minute 
rounded  Sporangites  like  those  formerly  obtained  by  Professor  Hartt. 
But  they  differ  in  showing  the  remarkable  fact  that  these  rounded 
bodies  are  enclosed  in  considerable  numbers  in  spherical  and  oval 
sacs,  the  walls  of  which  are  composed  of  a  tissue  of  hexagonal 
cells,  and  which  resemble  in  every  respect  the  involucres  or  spore- 
sacs  of  the  little  group  of  modern  acrogens,  known  as  Rhizocarps, 
and  living  in  shallow  water.  More  especially  they  resemble  the 
sporocarps  of  the  genus  Salvinia,  This  fact  opens  up  an  entirely 
new  field  of  investigation  as  to  these  interesting  specimens,  their 
probable  affinities  with  modern  plants  and  their  probable  relations 
to  other  palaeozoic  forms  of  vegetation  found  with  them. 

Mr.  Derby's  specimens  are  labelled  as  from  Rio  Trombetos  and 
Eio  Curua.    They  occur  in  two  kinds  of  matrix.    One  is  a  thinly 

Fig.  1. 
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(a)  Sporangitet  BraziliensU,  nat  size,   (a  X)  same,  magnifllBd. 

(b)  SporangUe*  bUobatut^  nat  size. 
Cc)  Detached  macrospores. 

{d)  Spore-cases  of  Salvinia  natant,    (d  X)  Bame  magnified. 

laminated  sandy  shale,  tinged  red  with  peroxide  of  iron,  and  with 
occasional  ferruginous  laminse.  In  this  the  spore-sacs  are  flat- 
tened and  black,  and  show  the  structure  of  the  walls  under  the 
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microscope.  The  contained  macrospores,  when  visible,  appear  as 
minute  tubercles  or  sometimes  as  depressions  on  the  wall  of  the 
envelope,  or  more  frequently  as  round  light  colored  spots,  accord- 
ing to  their  state  of  preservation  (fig.  1,  a).  The  other  kind  of 
matrix  is  a  gray  dense  shale  in  which  the  spore-sacs  appear  less 
flattened  and  destitute  of  carbonaceous  matter. 

The  very  numeix)us  spore-sacs  contained  in  these  shales  are  ex- 
tremely variable  in  size  and  form,  and  may  have  belonged  to  sev- 
eral species  of  plants.  They  resolve  themselves,  however,  into 
two  leading  types,  which  may  be  provisionally  named  Sporangites 
Braziliensis  and  S,  bilobatus;  though  I  would  suggest  for  them, 
in  prospect  of  the  discovery  of  their  vegetative  parts,  the  name 
Protosalvinia.    They  may  be  described  as  follows : — 

Sporangites  (Pi^otosalvinia)  Braziliensis^  s.  n.  (fig.  1,  a).  Sporo- 
carps  thin,,  carbonaceous,  having  a  structure  of  dense  hexagonal 
cells  and  enclosing  macrospores  which  vary  in  number  from  three 
or  four  to  as  many  as  twenty-five.  Form  circular,  oval  or  reniform. 
Longest  diameter  fVom  three  millimetres  to  six  millimetres.  Some 
of  the  sacs  which  do  not  show  included  round  bodies  may  have 
held  microspores. 

S.  (P.)  bilobatuSj  s.  n.  (fig.  1,  b).  Sporocarps  oval  or  reniform, 
thi*ee  millimetres  to  six  millimetres  in  diameter,  each  showing  two 
rounded  prominences  at  the  ends,  with  a  depression  in  the  middle, 
and  sometimes  a  raised  neck  or  isthmus  at  one  side  connecting 
the  prominences.  Some  of  the  specimens  indicate  that  each  prom- 
inence or  tubercle  contained  several  macrospores.  At  first  sight 
it  would  be  easy  to  mistake  these  bodies  for  valves  of  Beyrichia. 

The  following  remarks  were  made  on  the  probable  affinities  of 
these  bodies  and  their  relation  to  other  Erian  plants : 

There  can  be  no  question  of  the  close  resemblance  of  the  Brazil- 
ian species  of  Sporangites  with  the  spore-envelopes  of  modern 
Rhizocarps.  Some  individuals  of  the  S.  Braziliensis  are  scarcely 
distinguishable  in  form  or  contained  macrospores  from  the  sporo- 
carps of  Salvinia  natans  of  the  rivers  of  Europe  (fig.  1,  d).  It  is 
true  that  the  analogy  of  Salvinia  would  lead  us  to  expect  other 
sacs  containing  microspores ;  but  in  ordinary  circumstances  the 
latter  could  not  be  preserved  in  a  visible  state,  and  on  the  Brazil- 
ian shales  there  are  many  specimens  not  showing  macrospores, 
and  which  might  have  been  filled  with  microspores  which  have 
been  flattened  into  an  undistinguishable  mass. 
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If  we  compare  the  separate  macrospores  of  the  Brazilian  sporo* 
carps,  and  especially  those  which  are  found  detached  from  their 
envelopes,  with  Sporaivgitea  Huroiiensis^  we  see  a  remarkable 
similarity  in  size,  form  and  texture,  sufficient  to  justify  us  in  sup- 
posing that  the  latter  may  be  of  the  same  nature  with  the  former, 
but  deprived  of  their  outer  cases  either  by  dehiscence  or  by  decay, 
and  this  is  the  view  which  I  am  now  disposed  to  take  of  their 
nature,  and  which  better  accords  with  their  wide  distribution  in 
aqueous  deposits  and  with  their  accompaniments  than  any  other 
supposition.  I  may  add  that  Professor  Orton  and  Professor 
Clarke,  in  letters  to  the  author,  refer  to  grouping  of  the  little 
rounded  bodies  and  (races  of  enveloping  membrane*  In  this  con- 
Bection  I  would  also  mention  the  sacs  containing  rounded  bodies 
known  as  Parka^  and  which  have  been  met  with  in  the  Erian  beds 
both  in  Scotland  and  in  Gasp6,  and  have  been  supposed  to  be  ova 
of  crustaceans.  It  is  tL*ue  that  these  are  much  larger  than  the 
sporocarps  above  referred  to,  but  on  examination  of  Gasp6  speci- 
mens in  my  collection,  I  am  disposed  to  suspect  that  they  also 
may  prove  to  be  the  fructification  of  Rhizocarps. 

It  remains  to  enquire,  Are  there  any  Erian  plants  known  to  us 
m  their  stems  and:foliage,  to  which  such  organs  of  fructification 
as  those  above  described  might  have  belonged  ? 

A  preliminary  question  would  naturally  bo  as  to  the  vegetative 
organs  of  modern  Rhizocarps.  On  reference  to  the  descriptions, 
and  to  a  somewhat  extensive  collection  of  specimens  placed  at  my 
disposal  by  Mr.  Poe  Watt  of  Montreal,  I  find  that  these  may  be 
referred  to  three  leading  types.  Some,  like  Pihdaria^  have  simple 
linear  leaves ;  others,  like  Marsilea^  have  leaves  in  verticils  and  cu- 
neate  in  form  ;  while  others,  like  Azolla  and  Salvinia^  have  frondose 
leaves,  more  or  less  pinnate  in  their  arrangement.  The  first  type 
presents  little  that  is  characteristic,  but  there  are  in  the  Erian 
sandstones  and  shales  great  quantities  of  filamentous  and  linear 
objects  which  it  has  been  impossible  to  refer  to  any  genus,  and 
which  might  have  belonged  to  plants  of  tho  type  of  Pilularia.  It 
is  quite  possible  also  that  such  plants  as  Psilophyton  gldbrum  and 
Cordaites  angustifolia^  of  which  the  fructification  is  quite  unknown, 
may  have  been  allied  to  Rhizocarps.  With  regard  to  the  verti- 
dllate  type  we  are  at  once  reminded  of  Sphenophyllum^  which  many 
palseo-botanists  have  referred  to  the  Marsiliacece,  though  like  other 
pakeozoic  Acrogens  it  presents  complexities  not  seen  in  its  modem 
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representatives.  S.  primcevum  of  Lesquerenx  is  foand  in  the 
Hudson  River  group,  and  my  S,  antlqmim  in  the  middle  Erian. 
Besides  tiiese  there  are  in  the  Silurian  and  Erian  beds,  plants  with 
vertieillate  leaves  which  have  been  placed  with  the  Annvlaricej 
but  which  may  have  differed  from  them  in  fructification.  Annti* 
laria  laxa  of  the  Erian  and  Protannularia  Harknessii  of  the  Silu- 
rian may  be  given  as  examples.  As  to  pinnate  leaves,  I  have 
already  referred  to  the  remarkable  plants  of  the  genus  Piilophyton^ 
found  both  in  the  Erian  and  Carboniferous,  and  which  seem  to 
have  been  aquatic  in  their  habit  like  Rhizocarps.  It  is  deserring 
of  notice  also  that  the  two  best  known  species  of  Psilopliyton  (P. 
princepa  and  P.  robustius)^  while  allied  to  Lycopods  by  the  struc- 
ture of  the  stem  and  such  rudimentary  foliage  as  they  possess,  are 
also  allied,  by  the  form  of  their  fructification,  to  the  Rhizocarps, 
and  not  to  ferns  as  some  palseo-botanists  have  incorrectly  sup- 
posed.^ 

I  do  not  suppose  that  the  facts  above  stated  famish  any  posi- 
tive proof  that  the  abundant  Sporangites  of  the  Erian  period  were 
the  fructification  of  Rhizocarps,  but  they  establish  a  certain  proba- 
bility of  this,  and  invite  to  further  researches.  If  it  should  prove 
that  these  humble  plants,  now  so  insignificant,  culminate<l  in  the 
Palaeozoic  age,  and  occupied  the  extensive  submerged  flats  of  that 
period  with  an  abundant  vegetation,  producing  a  great  quantity 
of  the  bituminous  matter  found  in  the  resulting  beds,  this  early 
culmination  of  the  Rhizocarps  would  be  strictly  in  accordance 
with  other  facts  in  the  development  of  the  vegetable  kingdom. 
We  may  even  be  permitted  to  si>eculate  on  the  existence  in  the 
early  Palseozoic  and  Elozoic  ages  of  a  rich  Rhizocarpean  vegetation, 
anticipating  the  great  development  of  the  Acrogens  in  the  later 
Palfleozoic. 

I  have  not  referred  above  to  the  well-known  fact  that  in  certain 
beds  of  coal  and  shale  of  the  Carboniferous  period  there  are  multi- 
tudes of  globular  spoi*e-cases  or  macrospores  not  dissimilar  from 
those  above  described.  These  may  have  been  derived  from  plants 
of  higher  organization  than^the  Rhizocarps,  yet  it  is  quite  possible 
that  this  group  of  plants  may  have  contributed  to  them.  It  is, 
however,  only  in  the  Erian  that  these  Sporangites  are  so  widely 
and  abundantly  distributed  in  aquatic  beds,  and  that  we  have  di- 
rect evidence  as  to  their  origin. 

^  See  Report  on  Erian  Plants  of  Canada,  1889. 
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On  a  large  Crustacean  from  the  Catskill  Group  of  Penn- 
STLYANiA.  By  E.  W.  Clatpole  of  Bnchtel  College,  Akron, 
Ohio. 

In  this  paper  an  account  was  given  of  a  very  large  crustacean 
fossil  recently  found  in  the  Catskill  sandstone  of  Pennsylvania. 
Only  the  head  remains  and  part  of  that  is  incomplete.  One  side 
however  is  perfect  and  the  other  can  therefore  be  readily  restored. 
In  shape  it  is  semi-elliptical,  resembling  one  end  of  an  ellipse. 
Roughly  speaking,  it  bears  a  striking  likeness  to  a  vastly  magni- 
fied head  of  Cephalaspis.  But  the  total  absence  of  all  traces 
of  bone  excludes  the  possibility  of  its  being  ichthyic.  The  remains 
of  the  creature  consist  of  a  thin  black  scale  covering  the  whole 
surface  except  where  it  has  been  removed  by  accident  or  compres- 
sion ;  a  longitudinal  ridge  extends  along  the  middle,  rising  appar- 
ently at  both  ends  into  spines  or  tubercles  and  another  ridge  crosses 
this  near  its  hind  end.  This  ridge  is  continued  in  a  double  curve 
resembling  the  arms  of  an  anchor  fore  and  aft. 

So  far  as  I  have  yet  been  able  to  make  a  study  of  this  fossil,  it 
appears  to  be  more  readily  allied  to  the  king  crab  (Limulns) 
than  to  any  other  existing  order.  But  its  immense  size,  8 J  inches 
in  both  directions,  renders  it  very  conspicuous  and  the  elongated 
outline  of  its  head  is  in  strong  contradistinction  to  the  semicircular 
bead-thorax  of  Limulus.  There  can  be  little  doubt  that  it  was 
closely  allied  to  the  great  fossil  crustaceans  of  the  order 
Eur^'pterids.  But  the  squarish  outline  of  the  head  of  these 
is  totally  wanting  and  instead  of  the  flat  smooth  glabella  the 
surface  of  the  head  is  ridged  as  above  described. 

I  have  been  unable  to  discover  any  trace  of  eyes  and  am  there- 
fore unable  to  obtain  the  valuable  evidence  they  would  give  in 
placing  the  fossil.  But  the  addition  of  so  strange  a  form  to  the 
meagre  fauna  of  the  Cats*kill,  from  which  only  three  or  four  fish 
have  thus  far  been  described,  raises  the  hope  that  one  day  we 
may  become  better  acquainted  with  the  life  of  the  Catskill  age 
of  whicli  at  present  almost  nothing  ia  known. 
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Remsselaeria  from    the  Hamilton    Group  of  Pennstlvania. 
By  E.  W.  Claypolb  of  Buchtel  College,  Akron,  O. 

[ABSTRACT.] 

The  genus  Bensselaeria  has  been  hitherto  confined  almost  ex- 
clusively to  two  horizons  or  groups :  the  Lower  HeUlerberg  and  the 
Oriskany  sandstone.  Of  the  twelve  species  thus  far  described,  four 
have  been  obtained  from  the  former  and  seven  from  the  latter  of 
these  groups. 

One  only,  jB.  Johanni^  has  been  described  by  Prof.  Hall  from  the 
Corniferous  rocks  of  Waterloo,  Iowa.  The  specimens  have  all 
the  outward  appearance  of  Bensselaeria,  but  Prof.  Hall  expresses 
some  doubt  concerning  the  accuracy  of  his  determination.^ 

The  occurrence  therefore  of  well  marked  large  specimens  of  Reus- 
selaeria  high  up  in  the  Hamilton  rocks  is  a  fact  deserving  of  note, 
being  at  least  unexpected. 

In  regard  to  the  species  I  must  say  that  I  am  at  present  quite 
unable  to  separate  it  from  E.  Mai-ylandica  of  the  Oriskany  sand- 
stone. 

The  material  in  which  it  occurs  is  a  coarse  sandstone  known  in 
the  geology  of  Perry  County  as  the  Hamilton  Sandstone,  a  local 
deposit  in  the  group  occurring  about  800  feet  above  the  horizon  of 
the  Marcellus  black  shale  and  about  1000  feet  above  the  Oriskany 
Sandstone.  Its  only  accompanying  fossil  is  a  spirifer  closely  re- 
sembling, and  I  believe  identical  with,  Spirifera  formosa^  Hall. 


Preliminary  Note  on  the  Microscopic  Shell-structure  of  the 
Paleozoic  Brachiopoda.    By  James  Hall  of  Albany,  N.  Y. 

[AB8TBACT.] 

In  the  earlier  studies  of  the  fossil  Brachiopoda,  the  numerous 
species  were  referred  to  few  generic  terms,  determined  mainly  from 
their  perforate  or  non-perforate  apex  and  external  form,  and  later 
from  the  study  of  the  interior  as  these  parts  became  known.  The 
author  said,  that  from  time  to  time,  as  these  characters  had  become 
known  to  him  from  the  study  of  large  collections,  he  had  found  it 
necessary  to  propose  the  separation  of  more  than  twenty  new  gen- 

1  Professor  Hall  infbnns  me  that  he  has  now  remoTed  the  speoies  In  qnestion  ftom 
this  genus. 
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eric  forms  beyond  those  previously  recognized  in  this  class  oCfos- 
nls.  Other  authors  had  also  proposed  new  generic  terms,  until  the 
list  had  become  many  times  greater  than  it  was  twenty-five  years 
ago. 

While  the  interior  structure  of  the  hinge,  and  the  muscular  and 
vascular  markings,  were  now  pretty  well  known  for  most  of  the 
generic  forms  in  use,  comparatively  little  attention  had  been 
given  to  the  minute  structure  of  the  shell. 

The  study  of  this  structure  had  been  commenced  by  him  many 
years  ago,  but  he  had  been  thwarted  in  his  efforts  to  procure  the 
required  cutting  and  polishing  of  specimens  of  the  shells  neces- 
sary for  microscopic  study.  Through  the  aid  of  Mr.  C.  E.  Beecher, 
Assistant  in  the  State  Museum  of  Natural  History,  he  had  now 
been  able  to  obtain  such  thin  slices  of  the  shell  as  were  required 
for  this  purpose,  and  had  already  several  hundred  slides  prepared 
for  the  microscope. 

A  few  of  these  only  were  shown,  exhibiting  the  shell-structure 
of  as  many  genera.  A  considerable  number  of  photographs  had 
been  made,  illustrating,  in  a  very  satisfactoiy  manner  the  minute 
structure  of  each  one,  enlarged  to  twenty  diameters.  The  photo- 
graphs exhibited  were  illustrations  of  several  species  of  Obthis, 
LsPTiENA,  Strophomena,  Strophodonta,  Chonetes,  etc. 

The  study  of  this  shell-structure  has  shown,  very  satisfactorily, 
what  was  partially  known  before,  that  the  genus  Orthis,  as  now 
defined  and  constituted,  includes  very  heterogenous  material. 
External  form,  hinge  charactors,  and  interior  muscular  impressions, 
have  been  the  chief  guide;  and  yet  forms  have  been  included 
under  this  genus,  showing  widely  different  muscular  markings. 
On  further  microscopic  study,  it  has  been  found  that  these  differ- 
ences in  form  of  muscular  impressions  are  accompanied  by  impor- 
tant differences  in  the  shell-structure. 

These  differences  may  be  noted  in  the  illustrations  presented, 
wliere  the  shell  of  Orthis  biforata^  0.  borealiSy  0.  tncenaria^  O. 
occidentalism  O.flabella,  are  non-punctate  and  coarsely  fibrous,  Or- 
this (  9)  stropliomenoides  is,  like  Streptorhtnchus,  fibrous.  Orthis 
subquadrata  has,  like  0.  occidentalism  a  few  large  punctoe. 

In  the  second  group,  Orthis  testudinanaj  0.  Vanuxemim  0.  per- 
veta^  O.  penelopcy  0.  elegantula,  0.  dytie^  and  0.  hyhnda^  have  one 
or  more  rows  of  punctsB  to  each  ray,  the  rows  well  defined,  and  the 
intermediate  shell  finely  fibrous. 
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Tl]e  third  group,  consisting  of  Orthis  multicostata  of  the  lower 
Helderberg,  O.  lowensis  of  the  Hamilton  group,  0.  Tulliensis  of 
the  Tully  limestone,  0.  impressa  of  the  Chemung  group,  are  highly 
punctate  with  a  fine  fibrous  texture  of  the  shell  substance. 

The  puuctae  usually  come  out  along  the  summits  of  the  radia- 
ting striie  or  plications  of  the  shell.  In  some  species  the  minute 
tubes  perforating  the  shell,  and  producing  these  punctse,  bifurcate 
and  diverge  before  coming  to  the  external  surface  of  the  shell. 

This  difierence  in  shell-structure,  in  forms  known  as  Orthis, 
will  require  a  separation  of  the  species  into  groups  based  ui>on 
this  structure,  and  character  of  muscular  impressions.  Already 
we  see  that  the  shells  of  compact  fibrous  texture  have  a  form  of 
muscular  impression  quite  unlike  those  with  the  punctate  structure ; 
and  we  shall  probably  find  that  all  the  interior  modifications  of 
the  muscular  system  are  accompanied  by  differences  in  the  micro- 
scopic structure. 

This  inethoil  of  determining  the  shell-structure,  in  cases  where 
the  specimen  may  be  imperfect,  and  thereby  enabling  the  detei*mi- 
nation  of  obscure  or  fragmentary  material,  and  its  geological  re- 
lations, will  be  of  much  importance  to  the  geologist. 

The  structure  of  the  shell  in  Strophomena  is  closely  fibrous, 
with  distant  large  punctse.  In  Strophodonta,  the  punct®  are 
more  numerous.  In  Chonbtes,  the  punctse  are  large  and  arranged 
in  a  single  row  upon  the  radii,  having  a  pustulose  aspect  similar 
to  those  of  Strophodonta. 

In  many  other  forms,  the  punctate  texture  of  the  shell  is  char- 
acteristic, and  of  importance  in  the  determination  of  the  generic 
forms. 

The  physiological  significance  of  this  peculiar  shell-structure 
will  be  considered  upon  some  future  occasion,  illustrated  by  more 
numerous  examples. 


Animal  Remains  from  the  Loess  and  Glacial  Clays.      By 
William  McAdams  of  Alton,  III. 

[abstract.] 

The  drift  clays  proper  at  Alton,  III.,  had  a  maximum  thickness 
of  about  one  hundred  feet,  and  the  blufl*  clays  were  nearly  of  the 
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same  thickness.  These  clays  were  remarkably  rich  in  animal  re- 
mains, such  as  teeth  and  bones,  attached  to  calcareous  nodules  or 
claystones.  Remains  of  thirteen  different  species,  now  perhaps 
all  extinct,  had  been  found.  The  rodents  were  well  represented 
by  bones  of  seven  species,  including  three  or  more  beavers  and  some 
gophers.  Nearly  seventy  teeth  were  found  in  the  quaternary  do- 
posits,  a  majority  of  them  in  a  single  quarry. 


A  New  Vertebrate  from  the  St.  Louis  Limestone.    By  William 
Mc  Adams  of  Alton,  III. 

[abstract.] 

One  of  the  groups  of  subcarboniferous  limestones  is  quarried 
extensively  near  Alton  and  St.  Louis.  It  lies  beneath  the  coal, 
and  in  some  places  the  coal  rests  directly  upon  it.  A  number  of 
vertebrate  remains  have  been  found  in  one  of  the  quarries  near 
Alton.  Specimens  were  shown  to  the  Section.  In  the  judgment 
of  Professor  Newberry,  the  fossils  shown  were  the  bones  of  some 
large  fish.  One  appeared  to  be  the  mandible  or  dental  bone  of 
the  lower  jaw.  Without  pronouncing  a  final  opinion,  he  would 
say  that  it  bore  a  general  resemblance  to  a  group  of  fossil  fishes  in 
which  the  teeth  were  inserted  in  sockets ;  but  the  animal  itself  was 
large  and  hitherto  unknown. 


On  a  WHrrE  Garnet  from  near  Hull,  Canada.    By  George 
F.  KuNZ  of  New  York,  N.  Y. 

[abstract.] 

Twenty-one  miles  north  of  Hull  on  the  Gatineau  river,  at  Wake- 
field, Canada,  in  a  seam  of  crystalline  magnesian  limestone  are  found 
some  remarkable  white  garnets.  This  occurrence  has  been  known 
to  a  number  of  collectors  for  a  few  years,  but  as  yet  no  information 
regarding  them  has  been  published.  I  found,  on  visiting  the  lo- 
cality, that  they  form  a  vein  from  several  inches  to  over  one  foot 
in  width  in  magnesian  limestone,  the  vein  running  east  and  west, 
a  distance  of  over  seventy-five  feet.  The  garnets  are  entirely  em- 
bedded in  the  limestone  which  can  best  be  removed  by  the  action 
of  acid  not  affecting  the  crystals. 
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This  vein  was  followed  to  the  depth  of  more  than  six  feet.  The 
crystals  vary  from  the  size  of  a  pin-head  to  three  inches  across. 

The  color  is  from  colorless  and  transparent  (small  mineralogical 
gems  having  been  cnt  from  them)  to  yellow  running  into  brown. 

This  locality  is  possibly  the  only  one  that  has  furnished  white 
garnet  as  a  gem.  The  latter  color  is  very  often  the  result  of  the 
oxidation  of  the  pyrrhotite.  Associated  with  the  garnet  are  crys- 
tals of  pyrrhotite  and  fine  crystals  of  a  white  p3Toxene ;  the 
crystals  adhering  together,  are  held  together  sufficiently  by  the 
pyroxene  to  form  fine  groups  of  this  mineral  when  the  limestone 
has  been  removed  by  the  acid.  Perfect  isolated  crystals  are  very 
uncommon.  The  specific  gravity  of  the  mineral  is  3.6002  and 
3.5948  (C.  Bullman)  ;   8.52,  3.58  (T.  S.  Hunt,  Orford,  Canada). 

The  Orford  composition  is  almost  identical  with  an  analysis  of 
a  white  garnet  by  T.  Sterry  Hunt,  from  Geological  Survey,  Or- 
ford, Canada,  1863,  p.  496. 


C.  BULLMAK. 

T.  Sterkt  Hunt 

Silica, 

88.80 

88.60 

Alnmina, 

83.66 

22.71 

Sesqnioxido  Iron, 

1.75 

Oxide  Mangoneee, 

OM 

Lime, 

86.00 

84.88 

Magnesia, 

0.08 

0.49 

Oxide  Iron  and  Manganese, 

1.60 

Potash, 

Trace. 

Soda, 

0.47 

Ignition, 

1.10 

99.19  99.80 

Spectroscope  gave  no  potassium  lime.   Soda  not  determined. 

The  forms  observed  were  1,  and  1  and  2-2  combined. 


Akdalusite  from  a  new  American  LOCALrry.    By  George  F. 
KcNz  of  New  York,  N.  Y. 

[ABSTRACT.] 

At  Gorham,  Me.,  on  the  shores  of  Sebago  lake,  about  one  year 
ago,  some  excavating  was  done  for  a  road,  and  from  the  pile  of 
rock  thrown  out  in  blasting  a  mass  was  selected  by  Mr.  Hayden 
of  Raymond,  Me.,  who  resides  in  the  vicinity,  who  thought  fix>m 
the  outward  appearance  and  the  occurrence  in  it  of  pyrrhotite  in 
crystals  that  it  might  contain  something  of  interest.  This  some- 
time later,  he  found  to  contain  the  specimens  now  presented  here. 
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These  crystals,  for  perfection,  in  color  and  size,  are  equal  to 
those  ^ound  at  any  known  locality  where  this  mineral  does  not 
occur  as  a  gem.  The  color  is  mostly  brownish  flesh-color  and  at 
times  the  pink  color  fades  to  a  faint  gre3i8h  pink.  The  crystals 
are  opaque  but  translucent  in  pieces  of  from  3 mm.  to  5mm.  in 
thickness;  specific  gravity  8.12mm. - 3.14mm. ;  size,  a  broken 
cr}stal  measured  90mm.  (long),  53mm.  (broad)  48mm.  (thick). 

Several  measure  over  80mm.  in  length  and  one  fragment  of  a 
large  crystal  measured  55mm.  on  one  face  and  may  have  originally 
measured  over  70mm.  on  the  macro-prism.  Some  crystals  are  very 
small,  say  1mm.  in  diameter. 

The  hardness  on  the  side  of  the  prism  is  from  6  -  6.5,  on  the  O 
plane  7-7.5.  The  ciystals  consist  of  a  simple  orthorhombic  prism 
with  the  O  plane  largely  developed,  the  other  faces  have  not  been 
fully  determined  as  yet,  but  are  possibly  1 1, 1  i. 

The  crj'stals  occur  in  a  quai-tzite  vein  in  a  mica  schist  of  a  brown 
color  scattered  through  which  are  beautiful  small  cr3"stals  of  pyr- 
rhotite.  The  crystals  which^I  here  exhibit  and  a  few  fragments 
are  all  that  have  been  found  as  yet  in  the  locality.  A  hasty  visit 
paid  to  the  locality  failed  to  bring  to  light  any  more  specimens, 
the  rock  having  been  thrown  back  into  the  excavation  and  all  traces 
of  mineral  thus  obliterated.  More  attention  paid  to  this  locality 
would  surely  repay  the  mineralogist  with  a  good  reward,  as  miner- 
als of  this  class  are  rarely  found  in  a  few  large  isolated  crystals, 
when  the  indications  are  so  favorable  as  in  this  case. 


Topaz    and   Associated   Minerals    from    Stonehah,    Oxford 
CoDHTT,  Maine.^    By  George  F.  Eunz  of  New  York,  N.  Y. 

[ABSTRACT.] 

Associated  with  topaz  that  exceed  in  size  and  perfection  those 
as  yet  found  at  any  American  locality,  I  found  a  number  that  are 
worthy  of  mention.  The  topazes  were  in  perfect  crystals.  The 
following  fbrms  have  been  observed :  0,  i-i;  prisms  J,  t-J,  t.2,  t-3, 
i-4  ;  macrodomes  f-i,  2-f;  brachydomes  2-i,  4-?/  pyramids  J,  J,  §, 
1,2;  t-2,  2-2. 

X  In  a  lot  of  minerals  in  the  possession  of  N.  H.  Perry  of  South  Paris,  Maine,  August 
1882, 1  observed  a  crystal  that  I  at  once  recognized  as  topaz.  Since  then  considerable 
work  has  been  done  by  us,  and  the  minerals  here  described  brought  to  light.  To  Mr. 
Perry  mnch  credit  is  due  ibr  his  obserration  and  careftil  manner  of  working. 
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The  finest  crystals  were  from  10mm.  to  65mm.  long ;  the  largest 
crystal  measured  a,  GOmm.,  &,  65mm.,  c,  56mm.,  and  was  entirely 
perfect  and  transparent  in  parts.  The  color  of  the  crystals  varied 
from  colorless  to  light  green  and  light  blue.  Small  perfect  gems 
have  been  cut  from  some  of  the  fragments. 

The  large  rough  crystals  measured  from  200mm.  to  300mm. 
across,  and  weighed  from  10  to  20  kilos  ;  faces  rough  and  the  crys- 
tals broken  in  the  bed ;  color  of  these  light  blue,  light  green,  and 
white  or  j-ellowish. 

These  crystals  are  full  of  the  characteristic  fluid  cavities.  The 
hardness  same  as  the  Brazilian. 

Columbite  was  scattered  through  the  cleavelandite  in  .crystals 
from  1mm.  to  10mm.  in  length.  A  number  of  acicular  crystals 
bunched  together  resembled  a  fibrous  structure. 

One  pocket  contained  about  20  kilos  of  this  mineral,  and  one 
uncouth  part  of  a  crystal  weighed  8.0  kilos  ;  evidently  the  whole 
mass  was  either  a  crystal  or  a  group  of  crystals. 

Triplite  is  scattered  all  through  the  rock  in  pieces  from  one 
gramme  to  one  kilo  in  weight,  staining  all  the  other  minerals,  es- 
pecially the  quartz  and  cleavelandite. 

One  mass  that  may  have  been  a  large  rough  crystal  furnished 
over  fifty  kilos  of  this  mineral.  The  color  is  a  light  chocolate 
brown,  streaked  with  almost  transparent  veins  of  a  lighter  colored 
variety  of  the  same  mineral,  and  is  remarkably  pure  in  character, 
translucent  in  small  pieces,  possibly  the  Var  Zweiselite. 

Triphyllite,  one  very  imperfect  crystal,  was  found  about  15mm. 
long. 

Montmorillonite  in  pink  masses,  shading  from  light  to  dark  pink 
in  color,  filling  cavities  between  crystals  and  plates  of  cleavelandite, 
these  impressions  having  an  apparent  crystalline  form ;  also  in 
small  botryoidal  masses,  resembling  rhodocrocite  identical  with 
the  Branchville  mineral  described  by  Brush  and  Dana. 

Uranite  in  minute  scales  on  the  cleavelandite  was  observed. 

Dendrites  cover  the  cleavage  faces  of  the  felspars. 

Beryl  occurs  in  huge  crystals  through  the  entire  hill  and  almost 
in  contact  with  the  topaz.  One  vein  was  traced  for  over  forty 
feet  that  was  full  of  crystals  several  feet  long  and  about  one  foot 
across.     No  fine  crystals  were  found  here. 

Zircon  crystals  are  scattered  through  the  cleavelandite,  from 
Inmi.  to  10mm.  in  length.    The  faces  are  all  dull  and  sometunea 
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the  crystals  are  altered  to  malacon ;  faces  observed  were ;  Pyra- 
mid 1.    Prism  I,  u. 

Garnet  in  poor  crystals  occors  sparingly ;  it  is  evidently  a  man- 
ganesian  variety  and  resembles  the  triplite  in  color. 

Cleavelandite  in  fine,  large  plates  and  cleavages,  by  the  ton,  is 
of  a  snowy  white  color  or  turns  to  this  color,  from  a  dark  brown, 
after  a  short  exposure  to  the  action  of  the  sun.  Pockets  in  it  are, 
as  elsewhere,  lined  with  beautiful  minerals.  In  and  at  the  junct- 
ure with  the  mica  the  fine  topazes  were  found.  The  color  is  due  to 
the  decomposition  of  the  triplite. 

Quartz  occurs  in  abundance,  massive  and  milky  in  color,  break- 
ing with  an  apparent  cleavage,  at  times  curiously  spotted  with 
triplite. 

Small,  irregular  crystals,  and  one  smoky  crystal  80mm.  by 
75mm.,  were  found.  The  massive  variety  is  filled  with  fluid 
cavities,  and  large  pieces  break  easily  as  if  with  apparent  ex- 
plosion. 

Apatite,  small,  very  perfect  crystals,  white  in  the  centre,  and 
blue,  purple  or  green  at  each  termination.  Faces  observed :  Pyr- 
amid 1.  O  largely  developed.    Prism  I  and  i2. 

A  massive,  compact,  vitreous,  dark  green  variety  in  nodules 
weighing  one  kilo  each. 

Fluorite  fills  cavities  in  the  cleavelandite,  dark  purple  in  color ; 
and  some  small,  beautiful  octohedral  crystals,  of  a  light  blue  color, 
resembled  topaz  in  appearance. 

Margarodite  and  muscovite  in  large  quantities,  forming  veins ; 
the  former  light  yellowish  green  almost  radiated  in  structure,  the 
latter  cleaving  in  fibrous  masses  and  then  in  crystals  transparent 
through  the  prism,  although  two  to  six  inches  in  diameter. 

Curved  mica  Damourite?  in  large  curved  shells  resembling  sau- 
cers, some  of  them  four  inches  across. 

*  Biotite  crystals  crystallize  in  the  muscovite  and  the  color  of 
very  thin  sections  is  a  dark  brown  by  sunlight. 

These  minerals  occur  in  a  coarse  granite  hill  (250  feet  long 
and  about  100  feet  wide  at  the  top),  on  Hamdon  Hill,  Stoneham, 
Me.,  near  the  Stow  line,  all  the  constituent  minerals  crystallizing 
on  a  large  scale.  Work  may  be  resumed  at  an  early  date  and  may 
bring  some  very  interesting  things  to  light. 
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Colored  Tourmalines  and  Lepidolitb  Crystals  from  a  new 
American  Locality.     By  George  F.  Kunz  of  New  York, 

N.Y. 

[abstract.] 

In  addition  to  Paris,  Hebron  and  Norway,  Maine,  as  localities 
for  colored  tourmalines,  I  will  now  briefly  describe  a  new  locality, 
t.  €.,  Auburn,  Oxford,  Maine. 

Here,  associated  with  smoky  quartz,  orthoclase,  amblygonite, 
columbite,  lepidolite,  muscovite,  cleavelandite,  beautiful  blue,  pink, 
green  and  purple  apatite,  cassiterite  and  zircon,  were  found  a  num- 
ber of  pockets  of  fine  colored  tourmalines.  The  colors  of  the 
crystals  obtained  were  red,  blue,  green  and  colorless,  and  at  times 
all  three  colors  in  different  parts  of  the  same  crystal  as  at  Paris, 
Maine.  The  crystals,  however,  differ  in  general  appearance  and 
also  in  form,  and  as  a  rule  are  lighter  in  color.  The  largest  crys- 
tal of  tourmaline  was  105mm.  long  (over  4  inches),  and  10mm* 
wide,  transparent,  but  flawed,  and  had  all  the  colors  combined, 
red,  green,  blue  and  colorless,  in  different  parts.  Crystals  from 
10  to  60mm.  were  found,  and  the  larger  number  were  terminated 
by  a  pink  cap.  A  number  of  gems  were  obtained,  principally 
colorless,  green  pink  and  blue. 

O 
Forms  observed  :    Pyramid  R    Prism  1  it 

Smoky  quartz  in  crystals  150mm.  to  200mm.  id  length,  coated 
with  a  curious  felspathic  mineral,  and  at  times  penetrated  by  the 
colored  tourmalines  for  several  inches. 

Lepidolite  is  found  here  in  hexagonal,  isolated  crystals,  crys- 
tallizing out  in  distinct  crystals  on  larger  ones  of  the  same  min- 
eral or  on  crystals  of  quartz  and  feldspar,  although  not  sharply 
enough  defined  for  measurement,  yet  they  are  the  finest  examples 
of  this  mineral  in  crystal  form  that  I  have  as  yet  observed  from 
any  locality. 

In  size  they  are  from  5  to  dmm.  wide,  and  from  5  to  15mm. 
in  length.  Large  masses  have  parts  of  crystals  showing  that  they 
are  from  80mm.  to  60mm.  in  length. 

The  interior  of  the  crystals  is  a  fine  pink  color,  but  the  outside 
is  a  light  pink  with  a  silvery  lustre.    The  other  minerals  are  not 


Digitized  by 


Google 


GEOLOGT  AND  OEOOBAPHT.  275 

worthy  of  any  special  mention,  except  the  columbite,  of  which  a 
very  fine  perfect  crystal  was  found,  and  that  the  muscovite  alters 
to  lepidolite.  This  locality  was  first  worked  and  the  minerals 
found  in  place  by  N.  H.  Perry  of  South  Paris,  Maine,  to  whose 
kindness  I  am  indebted  for  information  and  use  of  specimens. 


A  Note  ow  the  finding  op  two  fine  American  Beryls.    By 
George  F.  Eunz  of  New  York,  N.  Y. 

[AB8TBACT.] 

In  addition  to  the  topaz  and  other  minerals  from  Stoneiiam, 
Oxford  Co.,  Maine,  the  finding  of  two  beryls,  exceptional  for 
American  occurrence,  may  be  mentioned.  These  were  found  sev- 
eral miles  apai*t,  and  several  miles  from  the  topaz  localities. 
They  were  discovered  by  chance  within  the  *last  two  years,  by 
farmers,  in  pastures  in  this  township.  The  first  is  only  one-half 
of  the  original  crystal  and  has  been  roughly  used  by  some  one 
who,  possibly,  discarded  it  as  worthless  after  breaking,  or  else 
broke  it  in  taking  from  the  rock  and  then  rejected  it,  not  know- 
ing its  value. 

This  crystal  is  120mm.  long  and  54mm.  wide,  and  was  evidently 
130mm.  long  and  75mm.  wide.  The  color  is  a  rich  sea-green  as 
viewed  in  the  direction  of  the  longer  axis  of  the  prism  and  sea- 
blue  of  a  very  deep  tint  through  the  side  of  the  crystal.  The 
color  and  the  material  in  this  crystal  are  the  finest  that  have  been 
foand  at  any  American  locality  and,  if  not  broken,  the  crystal  and 
material  would  be  equal  to  the  finest  foreign  specimens  known. 
It  will,  if  cat,  furnish  the  finest  large  gem  of  this  mineral  found 
in  the  United  States,  one  gem  weighing  at  least  thirty  karats, 
and  a  number  of  small  ones  weighing  from  one  to  six  karats. 
The  other  crystal  is  doubly  terminated,  being  41mm.  long  and 
15mm.  in  diameter.  Over  one-half  is  transparent  with  a  faint 
green  color,  the  remainder  being  of  a  milky  green  and  only  trans- 
lucent.   At  the  Juncture  of  the  two  colors  the  crystal  has  the  ap- 
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pearance  of  a  solution  in  which  a  floccnlent  precipitate  has  almost 
completely  settled  leaving  the  upper  portion  nearly  clear. 

The  observed  planes  are,  O,  largely  developed,  1  and  2-2; 
prism,  I  and  i-2.  The  finding  of  the  two  crystals  in  such  a 
manner  can  but  lead  one  to  think  that  rich  material  must  be  stored 
in  the  viciuity  and  would  warrant  farther  seai*Qh. 
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ADDRESS 

BY 

PROFESSOR  W.  J.  SEAL, 

VICE  FRESmENT  SECTION  F. 


AGBICULTVBE:    ITS  NEEDS  AND  0PP0BTVNITIE8. 


Instead  of  presenting  a  summary  of  the  progress  made  in  biol- 
ogy during  the  past  year,  I  have  chosen,  rather,  to  speak  of  the 
"Needs  and  Opportunities  of  Agriculture," — a  subject  that  has 
heretofore  scarcely  been  mentioned  at  the  meetings  of  this  associ- 
ation. Within  the  past  few  years  the  progress  of  agriculture, 
which  I  use  in  its  broadest  sense,  has  been  greater  than  ever  be- 
fore. This  may  be  attributed  to  a  variety  of  causes ;  such  as  the 
general  thrift  and  intelligence  of  our  people,  and  the  advancement 
of  science. 

Many  agricultural  schools  have  been  established,  experiment- 
stations  organized,  the  rural  press  has  been  much  improved  in 
quality  and  quantity,  clubs  and  societies  are  flourishing,  and  thous- 
ands of  granges  have  helped  to  stimulate  thought  and  investigation. 
Though  there  is  much  chance  for  improvement,  the  U.  S.  Depart- 
ment of  Agriculture  in  several  of  its  sections  has  done  excellent 
work.  It  is  true,  and  it  is  strange  that  it  should  be  true,  that, 
until  within  a  comparatively  recent  period,  but  very  little  of  the 
best  thought,  even  of  civilized  nations,  has  been  devoted  to  subjects 
intended  to  advance  agriculture. 

Columella,  eighteen  hundred  years  ago,  keenly  felt  the  want 
of  more  thought  in  agriculture  when  he  said,  "  Husbandry  alone, 
which,  without  doubt,  is  next  to,  and,  as  it  were,  near  akin  to, 
wisdom,  is  in  want  of  both  masters  and  scholars.  Of  agriculture, 
I  have  never  known  any  who  professed  themselves  either  teachers 
or  students."  Many  of  our  states  have  freely  appropriated  money 
to  conduct  surveys  in  geology,  mining,  with  a  little  attention 
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given  to  zoology  and  botany,  not  neglecting  to  provide  liberally 
for  coast-surveys. 

The  nation,  considering  its  age,  has  also  been  very  generous 
with  money  in  support  of  surveys  of  various  kinds,  including  also, 
anthropology,  construction  of  lighthouses,  improving  rivers  and 
harbors,  investigating  the  supplies  of  fish,  and  even  astronomy  has 
been  generously  supported.  It  is  true  that  some  of  this  work 
performed  by  the  government  has  been  very  poorly  done,  and 
has  been  enormously  expensive;  but  the  methods  of  work  are 
improving. 

This  munificence  of  the  United  States  in  support  of  science  is  en* 
couraging,  and,  as  far  as  it  goes,  speaks  well  for  the  country  and 
our  law-makers.  Doubtless,  in  many  cases,  the  close  connection 
with  politics  is  one  great  hindrance  to  conducting  successfully  in- 
vestigations in  science  for  the  government.  The  chances  of  losing 
positions  are  often  too  great  to  make  them  desirable,  especially  to 
persons  who  dislike  political  contests.  Frequent  changes  are 
fatal  to  good,  long-continued  work. 

Notwithstanding  the  large  sums  of  money  expended  by  our  na- 
tional and  state  governments  in  support  of  science,  but  a  small 
sum,  considering  its  importance,  has  been  appropriated  in  the  in- 
terest of  agriculture.  Even  private  gifts  have  gone  to  endow  lit- 
erary colleges,  schools  of  physical  or  natural  science,  astronomical 
observatories,  public  libraries,  and  not  to  endow  something  whicb 
is  directly  intended  to  encourage  agriculture.  The  men  like 
Lawrence,  Sheflield,  Smithson,  Peabody,  Washburn,  Swift,  Stevens, 
are  numerous,  but  not  numerous  enough.  All  honor  to  the  noble 
names  of  those  who  have  so  generously  contributed  to  the  advance- 
ment of  science  I 

To  illustrate  the  hesitancy  of  men  to  bequeath  money  for  the 
promotion  of  agnculture,  I  take  the  following  from  an  address 
given  by  President  T.  C.  Abbot : — 

"I  met  a  very  pleasant  and  intelligent  gentleman,  who,  from  his 
large  wealth,  was  about  to  give  some  sixty  or  seventy  thousand 
dollars  for  the  advancement  of  higher  education.  He  Imd  been 
for  some  years,  and  was  still,  the  president  of  a  state  agricultural 
society.  He  was  a  farmer.  Did  he  then  endow  some  chair  of  ag- 
riculture, or  agricultural  chemistry,  of  veterinary  science  or  horti- 
culture ?  Did  he  fit  out  an  experiment-station  to  analyze  fertilizers, 
to  study  the  value  of  cattle-foods  ?   Did  he  establish  an  agricultural 
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library  ?  None  of  these.  He  foand  the  science  that  was  the  most  ad- 
vanced of  any,  the  one  that  government  supports  at  a  great  ex- 
pense f^om  the  public  treasury.  This  farmer  gave  his  thousands 
to  endow  another  workshop  of  astronomy/' 

Yet,  even  in  respect  to  private  endowment,  there  are  approach- 
ing signs  of  better  days  for  agriculture.  A  few  far-seeing  men 
have  observed  the  needs  of  this  interest,  and  have  set  a  noble 
example  by  giving  of  their  wealth  bounteously.  Cornell,  Bussey, 
Purdue,  Valentine,  Storrs,  in  this  country,  are  names  which  will 
long  be  honored  for  their  liberal  gifts  in  the  interests  of  agricul- 
ture. They  showed  great  sagacity,  and  not  a  little  originality, 
by  placing  endowments  in  a  new  field,  where  gifts  are  few,  and  the 
opportunities  for  good  are  boundless.  It  is  hoped  that  these  illus- 
trious examples  will  stimulate  others  to  make  similar  bequests. 

Where  agriculture  thrives,  there  we  always  find  a  prosperous 
people.  She  needs  more  trained  minds  to  work  in  her  interests. 
With  better  thought  would  come  great  and  needed  improvements 
in  the  agricultural  department  of  the  nation.  It  lacks  means, 
strength,  and  stability. 

The  matter  of  plans,  and  the  naming  of  a  competent  director  of 
the  geological  survey,  were  referred  to  the  National  Academy  of 
Sciences,  whose  suggestions  the  government  authorities  sought 
and  adopted. 

The  same  body,  or  the  Standing  Committee  of  this  Association, 
or  the  members  of  the  Society  for  the  Promotion  of  Agricultural 
Science,  would  be  amply  competent  to  name  a  good  man  for  com- 
missioner of  agriculture.  Such  a  plan  would  throw  the  position 
more  oat  of  politics,  and  it  would  be  more  likely  to  run  smoothly 
on,  like  the  work  of  the  Smithsonian  Institution. 

Greater  permanency  would  tend  to  make  the  department  more 
efficient,  and  help  it  to  co5perate  with  the  agricultural  depart- 
ments of  the  several  states  and  the  agricultural  colleges  and 
experiment-stations. 

The  leading  object  of  these  remarks  is  to  call  the  attention  of 
those  who  are  working  for  the  advancement  of  pure  science  to  the 
great  needs  Of  agriculture,  the  grand  opportunities  for  making 
discoveries,  and  the  lasting  gratitude  which  such  workers  are  likely 
to  receive  fwm  the  people.  Of  course,  we  grant  that  all  science 
is  valuable,  that  much  of  pure  science  has  a  practical  bearing, 
that  no  one  can  foretell  what  practical  results  may  be  reached  by 
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investigations  in  pure  science ;  still  there  is  a  tendenc}'  among 
scientific  men  to  ignore  economic  science. 

I  will  illustrate  my  meaning.  The  U.  S.  Signal  Service  is  gen- 
erally supposed  to  have  been  established  in  the  interest  of  science, 
with  the  avowed  intention,  also,  of  benefiting  navigation.  The 
benefits  in  these  respects  are  certainly  worth  all  they  cost,  but 
these  are  not  all  the  benefits  which  the  service  should  recognize. 

I  note  the  following  as  given  by  Dr.  R.  C.  Kedzie  some  months 
ago,  to  illustrate  the  tardiness  of  science  and  the  government  to 
grant  assistance  promptly  to  the  interests  of  agriculture. 

'*  No  industry,  except  navigation,  is  so  completely  at  the  mercy 
of  the  weather  as  agriculture,  in  its  widest  sense.  In  the  mag- 
nitude of  the  interests  thus  threatened,  agriculture  outweighs  all 
others  in  importance.  Indeed,  without  the  sustaining  influence 
of  agriculture,  commerce  itself  would  vanish  like  the  dew  of  morn- 
ing. Timely  warnings  of  impending  meteorological  dangers  might 
be  given  by  the  signal-service,  which  would  be  of  incalculable 
worth  to  agriculture." 

He  illustrates  the  subject  by  referring  to  the  protracted  rainy 
weather  during  the  wheat-harvest  of  1882,  in  Michigan,  where  the 
loss  was  very  great.  "The  approach  of  a  protracted  storm  was 
known  for  days  before  the  damage  was  done.  If  specific  warn- 
ing had  been  given  our  farmers  at  that  time,  most  of  the  wheat 
might  have  been  safely  housed,  and  the  farmers  of  Michigan  saved 
from  a  loss  of  more  than  $1,000,000.  The  damage  inflicted  in 
this  way  is  not  isolated  and  exceptional.'' 

At  length  the  growers  of  cotton  and  tobacco  in  the  south,  and 
of  cranberries  in  New  Jersey,  have  been  recognized  by  the  govern- 
ment, and  warnings  of  approaching  frosts  have  been  promptly 
given.  ''The  general  government,  through  the  signal-service, 
should  hold  the  shield  of  its  protection  over  land  as  over  sea,  over 
corn  fields  as  over  tobacco-plant,  over  hay-field  as  over  cranberr}- 
marsh,  over  wheat-field  as  over  cotton-plantation,  over  orchards 
and  vineyards,  and  the  cattle  upon  a  thousand  hills  and  prairie 
leas.  Why  not  extend  this  work  into  wider  .fields  by  doing  for 
the  producer  what  it  has  so  well  done  for  the  cannerf" 

The  opinion  seems  to  be  too  prevalent  that  few  experiments  in 
agriculture  are  worth  attempting,  unless  it  be  those  conducted  by 
a  chemist.  This  is  by  no  means  the  case,  though  it  is  tine  that 
none  but  a  chemist  is  capable  of  making  those  of  a  certain  nature. 
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A  physicist  will  still  find  in  tbe  soil  mach  to  interest  him,  and 
there  is,  no  doubt,  a  chance  to  make  discoveries  valuable  to  agri- 
culture. 

With  regard  to  the  great  importance  of  investigations  and  united 
action  concerning  the  control  of  various  plagues  of  our  domes- 
tic animals,  we  should  suppose  no  one  would  give  a  dissenting 
voice.  Some  valuable  investigations  have  been  made  conceiiiing 
the  cause  and  nature  of  these  diseases,  among  the  most  interest- 
ing of  which,  it  seems  to  me,  are  the  experiments  made  by  Dr. 
Salmon  in  using  an  attenuated  virus  for  inoculating  animals,  and 
inoculating  again  and  again  with  a  stronger  virus  those  not  af- 
fected by  the  attenuated  virus.  If  the  subject  of  animal  plagues 
and  the  means  of  controlling  them  were  fully  discussed  at  meet- 
ings of  this  association,  it  would  tend  to  allay  prejudice,  enlighten 
the  minds  of  our  citizens,  and  stimulate  our  law-makers  to  action. 
That  there  is  need  of  a  more  general  knowledge  of  this  subject, 
I  quote  from  a  recent  article  by  Professor  Law  in  the  proceedings 
of  the  Society  for  the  Promotion  of  Agricultural  Science.  "  The 
present  agitation  on  behalf  of  legislation  for  the  extinction  of  this 
lung  plague  in  America  began  actively  in  1878,  and,  notwithstand- 
ing that  the  subject  has  been  continually  before  federal  and  state 
legislators  for  four  years,  but  little  real  progress  has  been  made. 
Among  the  drawbacks  that  may  be  specially  named  is  the  ignor- 
ance of  legislators,  of  executives,  and  even  of  electors,  on  this 
subject.'* 

In  learning  how  to  feed  domestic  animals  economically,  there 
is  a  great  opportunity  for  investigation.  There  is  much  of  interest 
and  value  to  be  learned  in  reference  to  the  causes  of  fluctuation 
in  weight  of  animals  which  are  carefully  fed  and  watered  in  a  uni- 
form manner. 

Concerning  the  great  need  of  continued  and  increasing  efforts 
to  investigate  our  injurious  and  beneficial  insects,  I  need  say  but 
little ;  for  the  subject  has  been  kept  before  the  people,  and  the 
people  are  always  interested  to  know  something  about  an  insect 
as  soon  as  it  injures  their  crops,  or  causes  them  trouble  in  any  way. 
There  is  especially  much  need  of  more  experiments  to  find  better 
remedies  for  injurious  insects.  Attention  to  this  portion  of  the 
subject  cannot  fail  to  meet  with  some  degree  of  success.  Success 
here  is  sure  to  win  the  favor  of  every  one  engaged  in  agriculture. 
Saccess  in  finding  good,  cheap,  and  safe  remedies  for  injurious  in- 
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sects  will  tend  to  make  science  popular,  and  make  endowments  for 
research  much  easier  and  more  frequent  than  ever  before. 

I  need  hardly  add,  that  he  who  finds  or  breeds  a  race  of  honey- 
bees which  is  hardier,  more  industrious,  longer-lived,  quieter,  pos- 
sessed of  longer  tongues,  and,  last  but  not  least,  possessed  of 
blunter  stings,  with  less  inclination  to  use  them, — he  who  can 
succeed  in  any  or  all  of  these  objects  is  entitled  to  rank  with  the 
man  who  shall  cause  two  blades  of  grass  to  grow  where  only  one 
grew  before. 

The  U.  S.  Commission  on  Fish  and  Fisheries  is  an  example  of 
good  scientific  work,  with  prospects  of  early  returns  in  the  form  of 
an  increase  in  knowledge  and  a  large  increase  in  the  supply  of  fish. 
A  somewhat  similar  work,  conducted  by  Prof.  S.  A.  Forbes  of  Il- 
linois, is  in  progress,  where  the  object  of  the  survey  is  to  inquire 
into  the  food  of  birds  and  the  food  of  fishes. 

Some  valuable  scientific  work  of  an  economic  nature  has  been 
done  in  connection  with  the  tenth  census,  conspicuous  among  which 
is  that  performed  by  Pi"of.  C.  S.  Sargent,  in  the  study  of  forestry. 

Botanical  explorers  in  every  land  have  repeatedly  and  liberally 
contributed  plants  of  economic  importance  to  the  horticulturist, — 
a  few  new  fruits,  but  more  especially  flowers  and  foliage-plants. 
An  occasional  contribution  has  been  made  to  agriculture  in  the 
form  of  plants  which  promised  to  be  of  value  for  seeds  or  forage, 
or  for  some  other  purpose. 

I  have  often  been  surprised  that  more  attempts  had  not  been 
made  to  secure  the  introduction  of  some  new  foreign  grasses,  and 
test  them  to  ascertain  their  value  for  meadows  and  pastures.  Tb  be 
sure,  grasses  from  western  Europe  have  been  tried ;  but  we  need 
others. 

More  than  twelve  years  ago  this  idea  appeared  in  my  address 
on  grasses,  as  given  before  the  Northwestern  Dairymen's  Associa- 
tion, where  the  advice  was  given  to  yet  other  grasses  from  Japan, 
China,  central  Asia,  and  the  dryer  portions  of  South  America.  The 
cereals  and  pasture-grasses,  the  world  over,  are  of  more  value  to  man 
and  his  domestic  animals  than  all  other  plants  taken  together ;  yet 
the  list  of  pasture-grasses  now  generally  sown  in  any  state  can  be 
counted  on  the  fingers  of  one  hand.  In  Great  Britain,  where  much 
attention  has  been  given  to  the  subject,  twenty-five  or  thirty  spe- 
cies are  much  cultivated.  It  is  hard  to  give  all  the  reasons  why  so 
few  grasses  are  employed  in  this  country,  but  the  fact  remains 
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that  few  are  cultivated.  The  grass  family  is  a  large  one,  contain- 
ing from  thirty-one  hundred  to  four  thousand  or  more  species. 
They  are  widely  distributed  in  nearly  all  parts  of  the  habitable  globe, 
in  every  soil,  in  society  with  others,  and  alone.  This  does  not  con- 
vey an  adequate  idea  of  their  value  in  unwooded  regions,  because 
the  number  of  individuals  of  several  of  them  is  exceedingly  large. 

I  have  recently  found  the  following  in  the  American  Agricultu- 
rist for  1858,  a  statement  probably  made  by  Dr.  Thurber.  "A 
dozen  sorts,  probably,  cover  nineteen-twentieths  of  all  the  cultiva- 
ted meadow-land  from  Maine  to  Texas.  It  can  hardly  be  supposed 
that  80  limited  a  number  meets,  in  the  best  manner  possible,  all 
the  wants  of  so  great  a  variety  of  soil  and  climate.  This  is  one  of 
the  pressing  wants  of  our  agriculture.  Experimental  farms  are 
needed  where  the  value  of  new  grasses  and  kindred  questions  can 
be  determined.  A  single  new  grass,  that  would  add  but  an  extra 
yield  of  a  hundred  pounds  to  the  acre,  would  add  millions  of  dol- 
lars annually  to  the  productive  wealth  of  the  nation.'' 

Still  farther  back,  in  1853,  the  late  I.  A.  Lapham  of  Wisconsin 
expressed  similar  views ;  and  still  longer  ago,  it  1848,  forty  years 
ago,  in  a  prize-essay,  J.  J.  Thomas  said,  "  The  great  deficiency  in 
number  and  the  variety  of  our  cultivated  grasses  has  been  long  felt 
by  intelligent  cultivators.  "  In  this  subject  but  very  slow  progress 
has  been  made  in  forty  years. 

In  the  extensive  unwooded  regions  west  of  the  Mississippi,  the 
native  grasses  afford  much  pasture ;  but  many  of  them  start  very 
late  in  spring,  and  stop  growing  early  in  autumn.  They  do  not 
completely  occupy  the  ground :  they  are  easily  stamped  out  by  the 
hoofs  of  cattle  and  sheep.  Some  of  the  tame  grasses  will  thrive 
better,  and  afford  much  more  pasture. 

In  Science,  vol.  i,  p.  186,  of  this  year.  Prof.  N.  S.  Shaler  refers 
to  this  subject.  He  says :  ^^  It  seems  possible  to  improve  this  pas- 
ture by  the  introduction  of  other  forage-plants  indigenous  to  re- 
gions having  something  like  the  same  climate.  The  regions  likely 
to  ftimish  plants  calculated  to  flourish  in  a  region  of  low  rainfall 
include  a  large  part  of  the  earth's  surface.  Those  that  would  suc- 
ceed in  Dakota  are  not  likely  to  do  well  in  Texas  or  Arizona.  For 
the  northern  region,  the  uplands  of  northern  Asia  or  Patagonia 
are  the  most  promising  fields  of  search ;  while  for  the  middle  and 
•onthem  fields,  the  valley  of  the  La  Plata,  southern  Africa,  Aus- 
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tralia,  and  the  Algerian  district,  may  be  looked  to  for  suitable 
species."  He  recommends  three  experiment  stations, — one  in 
Nebraska,  one  in  Texas,  and  one  in  Arizona. 

In  this  connection,  when  we  remember  that  exotic  plants  often 
thrive  better  than  natives,  we  see  what  a  vast  field  lies  ready  for 
experimenting  with  the  grasses. 

Grasses  look  much  alike  to  all  who  have  not  closely  studied 
them  ;  so  that  farmers,  in  fact,  none  except  botanists,  are  likely  to 
attempt  experiments.  This  is  a  strong  reason  wh}^  the  state  and 
national  governments  should  assist  agriculture  in  an  undertaking 
which  seems  so  fruitful  of  good  results  within  a  short  time,  at  bo 
trifling  an  expense.  Expeditions  are  sent  at  great  expense  to  ex- 
plore polar  seas,  with  a  view  to  slightly  extending  our  knowledge 
of  a  barren  portion  of  the  earth's  surface.  Large  sums  are  em- 
ployed to  fit  up  in  magnificent  style,  and  to  send  to  the  remotest 
parts  of  the  earth,  expeditions  to  spend  a  few  minutes  in  observ- 
ing an  eclipse  or  a  transit  of  Venus.  Would  the  sending  of  com- 
petent person*  around  the  earth  in  search  of  better  grasses  be  an 
undertaking  less  praiseworthy  ? 

The  men  who  control  the  Northern  Pacific  Railway  were  enter- 
prising enough  to  see  that  a  complete  economic  surv^ey  of  the 
adjacent  territory  would  help  the  sale  of  their  land.  Among  other 
things,  the  grasses  will  be  carefully  examined. 

For  the  past  ten  years  the  writer  has  been  testing,  in  a  small 
way,  some  hundred  and  fifty  species  of  grasses.  These,  with  few 
exceptions,  are  natives  of  the  eastern  United  States  and  western 
Europe.  I  am  fully  convinced  that  further  experiments,  carefully 
made  on  a  larger  scale  in  several  portions  of. our  country,  would 
be  quite  sure  to  result  in  great  gain  to  agriculture. 

Grasses  suitable  for  the  western  prairies,  to  take  the  place  of 
those  which  will  be  rapidly  stamped  out  by  close  feeding,  are  sure 
to  be  found  even  without  the  aid  of  the  government ;  but.  greater 
time  will  be  required. 

Prof.  E.  M.  Shelton  of  Kansas  Agricultural  College  has  probably 
done  more  than  any  one  else  in  the  west  to  test  grasses  and  clo- 
vers, and  diffuse  imformation  in  regard  to  the  results,  which  are 
most  gratifying.  At  nearly  all  the  gatherings  of  farmers  in  the 
west,  this  question  of  new  grasses  is  a  prominent  topic  of  discussion. 

Wherever  irrigation  has  been  well  tried,  especially  on  land  which 
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is  light  and  well  drained,  the  results  have  heen  quite  surprising, 
converting  a  dry,  hungry  meadow  into  a  little  oasis.  Such  a 
meadow  is  tlie  triumph  of  agricultural  art. 

One  of  the  most  remarkable  results  of  irrigation,  as  viewed  by  a 
scientific  man,  is  this :  the  list  of  grasses  will  not  remain  the  same, 
or  maintain  the  same  proportion.  The  bad  grasses  will  nearly  all 
die  out,  or  improve  in  quality ;  while  the  best  ones  will  rapidly  in- 
crease. And  again :  experiments  in  England  have  shown  that 
irrigation  causes  many  herbaceous  plants,  distinct  from  grasses, 
snch  as  plantain  and  buttercups,  to  give  place  to  good  grasses. 
Docks  are  not  diminished  by  irrigation.  The  best  grasses  are  a 
sign  of  good  land  in  fine  condition.  Such  grasses  are  hearty  feed- 
ers, and  are  most  sensitive  to  good  treatment.  In  a  well-managed 
meadow,  irrigation  in  four  years  increased  the  value  threefold. 
Solon  Robinson  long  ago  expressed  the  view,  that,  if  the  streams 
of  the  Connecticut  were  properly  utilized  in  irrigating  the  soil, 
they  would  be  more  productive  in  value  than  by  turning  all  the 
water-wheels  of  the  state.  More  experiments  in  irrigation  are 
mnch  needed  in  this  country. 

Baron  J.  B.  Lawes,  a  most  renowned  experimenter  in  agriculture, 
possessed  an  old  pasture  which  had  been  in  permanent  grass  over  a 
century.  No  fresh  seed  of  any  kind  was  sown  during  this  period. 
For  some  seven  years  or  more,  he  experimented  by  applying  to 
this  old  pasture,  on  different  plats,  twelve  different  kinds  of  ma- 
nures. The  results  were  very  interesting  and  gratifying.  ''The 
manures,  which  much  increased  the  produce  of  hay,  at  the  same 
time  very  much  increased  its  proportion  of  graminaceous  herbage. 
The  total  miscellaneous  herbage  (chiefly  weeds)  was  the  most  nu- 
merous in  kind,  and  nearly  in  the  greatest  proportion,  on  the  un- 
manured  land, — viz.,  sixteen  per  cent, — while  on  the  manured 
plat  it  decreased  to  two  per  cent.  Every  description  of  manure 
diminished  the  number  of  species  and  the  frequency  of  occurrence 
of  the  miscellaneous  or  weedy  herbage.  A  few  weeds  were  in- 
creased by  the  manures,  such  as  Rumex  and  Achillaea." 

"The  plants  of  a  meadow,"  in  the  words  of  the  Agricultural 
Gazette,  "live  in  harmony  on  the  unmanured  open  park,  having 
nothing  to  fight  for  in  a  state  of  nature ;  but  toss  them  a  bone, 
ground  fine,  or  any  other  choice  bit,  and  their  harmonious  compan- 
ionship terminates  at  once.  Every  act  of  improved  cultivation 
occasions  instant  war.     A  grass  likes  the  best  that  can  be  got. 
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It  will  swallow  soda,  but  not  when  it  can  get  potash.  As  a  gen- 
eral principle,  all  manures  tend  to  drive  out  the  weeds  by  increas- 
ing the  better  herbage."  A  repetition  of  like  experiments  in  this 
country  could  not  fail  to  give  valuable  results. 

In  Europe  some  success  has  been  reached  in  selecting  and  culti- 
vating different  varieties  of  Lolium  perenne^  Dactylls  glomemtaj 
and  Trifolittm  prcUense, 

The  field  is  a  promising  one  for  any  careful  and  enthusiastic 
student.  For  three  years  past,  I  have  been  studying  hundreds  of 
plants  of  red  clover  at  all  seasons  and  stages  of  growth.  I  have 
plants  growing,  the  seeds  of  which  came  from  marked  plants  which 
varied  much  from  each  other.  Plants  in  the  fields  of  red  clover 
vaiy  amazingly  in  many  respects,  which  influences  their  value  for 
forage-crops.  I  believe  our  fields  of  red  clover  to-day  contain 
nearly  or  quite  as  great  a  variety  of  plants  as  would  a  field  of  In- 
dian corn,  if  we  were  to  mix  in  a  little  seed  of  all  the  varieties  cul- 
tivated in  any  one  state. 

Some  of  our  grasses  in  cultivation  are  quite  variable,  notably 
the  fescues,  orchard-grass,  and  perennial  rye-grass.  It  was  some 
time  ago  observed  that  alfalfa  of  California,  and  lucerne  of  Europe, 
were  quite  different  in  their  capacity  to  endure  dry  weather,  though 
they  l>elong  to  the  same  species.  Different  treatment  in  widely 
separated  countries  for  many  years  has  wrought  a  great  change. 

The  subject  of  changing  seed,  planting  old  seed,  mixing  seed, 
raising  it  one  year  or  more  in  a  remote  country  and  then  returning  to 
the  starting-point,  deserves  the  attention  of  careful  experimenters. 

The  late  Charles  Darwin  experimented  on  the  effects  of  cross 
and  self-fertilization  of  plants,  and  found  that  in  most  cases  plants 
from  crossed  stock  were  earlier,  haniier,  germinated  better,  and 
yielded  more  seeds,  than  those  from  seed  of  self-fertilized  plants, 
while  crossing  with  foreign  stock  of  the  same  variety  is  a  far 
greater  improvement.  The  idea  is  to  cross  the  flowers  of  a  plant 
with  pollen  from  other  plants  of  the  same  variety,  the  seeds  of 
which  were  raised  pure  for  five  or  more  years  in  a  remote  locality, 
fifty  miles  or  more  away. 

Mr.  Darwin  said,  "It  is  a  common  practice  with  horticulturists 
to  obtain  seeds  from  another  place,  having  a  very  different  soil,  so 
as  to  avoid  raising  plants  for  a  long  succession  of  generations  un- 
der the  same  conditions ;  but,  with  all  the  species  which  freely  inter- 
cross by  the  aid  of  insects  or  the  wind,  it  would  be  an  incomparably 
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better  plan  to  obtain  seeds  of  the  required  variety,  which  had  been 
raised  for  some  generations  under  as  different  conditions  as  possi- 
ble, and  sow  them  in  alternate  rows  with  seeds  matured  in  the  old 
garden.  The  two  stocks  would  then  intercross,  with  a  thorougli 
blending  of  their  whole  organizations,  and  with  no  loss  of  parity 
to  the  variety ;  and  this  would  yield  far  more  favorable  results 
than  a  mere  exchange  of  seeds." 

In  a  word,  with  plants  which  may  be  easily  crossed,  get  some 
foreign  seed  of  the  same  sort  and  mix  with  your  own  seeds  to  raise 
seeds  for  ensuing  crops. 

In  1877  I  began  some  experiments  of  this  kind  with  Indian  com 
and  with  beans,  and  liave  since  made  others.  The  advantages 
shown  by  crossing  of  corn  over  that  not  crossed  was  as  151  exceeds 
100,  and  in  the  case  of  black  wax-beans  it  was  as  236  exceeds  100. 
Since  then  similar  experiments  have  several  times  resulted  in  show- 
ing a  large  increase  in  favor  of  crossing  with  foreign  stock. 

In  a  review  of  Darwin's  book,  the  Gardener's  Chronicle  of  Eng- 
land said  in  1877,  ''It  is  certain  that  these  practical  results  will  be 
a  long  time  filtering  into  the  mimls  of  those  who  will  eventually 
profit  most  by  them."  The  results  of  my  experiments  have  been 
widely  printed  in  the  agricultural  papers  of  the  day,  and  have  been 
given  at  numerous  farmers'  institutes  and  granges,  beginning  in  the 
winter  of  1877,  nearly  six  years  ago ;  and  yet  I  cannot  learn  that 
any  other  person  in  this  country  has  attempted  similar  experi- 
ments. I  will  make  one  exception,  in  the  case  of  Prof.  W.  A. 
Henry  of  Wisconsin  University,  who  tried  the  expenment  in  con- 
nection with  myself.  The  results,  so  far,  fully  accord  with  the 
prophetic  statement  above  quoted  from  the  Gardener's  Chronicle. 

In  originating  new  varieties  and  races,  see  what  has  already 
been  done,  largely  in  our  own  country,  in  a  haphazard  way,  with 
strawberries,  raspberries,  blackberries,  gooseberiies,  and  grapes, 
to  say  nothing  of  improvements  in  ornamental  plants. 

I  need  hardly  add,  that  some  of  the  best  results,  considering 
the  means  and  time  employed,  have  been  obtained  by  persons  who 
have  crossed  and  hybridized  according  to  some  well-devised  plan. 

Our  varieties  of  fruits  in  cultivation  have  become  so  numerous, 
that  to  describe  them  by  the  fruit  and  foliage  alone  often  baflSes 
the  skill  of  the  most  expert  pomologist.  In  the  pi*oceedings  of  the 
American  Pomological  Society  for  1877,  1879,  and  1881,  I  have 
shown  that  much  help  can  be  obtained  by  noticing  the  peculiarities 
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of  the  flowers  of  apples  and  pears.    The  same  is  no  doubt  true,  to 
some  extent,  with  grapes,  peaches,  gooseberries,  and  other  fraito. 

Here  is  a  promising  field,  full  of  interest  to  the  botanist, — afield 
where  he  may  accomplish  much  to  aid  the  horticulturist,  and  some- 
thing to  advance  science.  A  new  variety  of  any  cultivated  fmit 
can  no  longer  be  considered  as  well  described,  unless  some  account 
be  made  of  the  flowers. 

It  has  often  been  shown  that  many  kinds  of  insects  are  benefi- 
cial to  plants  by  aiding  the  fertilization  of  the  flowers.  The  sub- 
ject has  still  about  it  much  that  is  new.  Even  Mr.  Darwiu  said 
he  did  not  suppose  that  he  fully  understood  all  the  contrivances  for 
fertilization  in  any  one  flower. 

If  it  may  be  true,  as  my  experience  during  the  past  six  years 
help  to  indicate,  that  bumble-bees  aid  in  fertilizing  red  clover,  then 
farmers  should  try  and  encourage  these  interesting  insects,  even 
though  they  be  disagreeable  companions.  Bumble-bees  prefer  to 
raise  their  colonies  in  old  nests  of  meadow  mice.  I  mentioned  in 
my  last  report,  that  it  had  been  suggested  that  we  should  not  keep 
many  cats,  nor  allow  hawks,  foxes,  or  dogs  to  catch  these  mice ; 
for  they  make  nests  which  are  quite  necessary  for  the  bumble-bees, 
which  help  to  fertilize  our  red  clover,  and  thereby  largely  increase 
the  yield  of  seed. 

Perhaps  it  may  not  be  altogether  visionary  to  predict  that  men 
will  yet  engage  in  raising  bumble-bee  queens,  and  sell  them  to 
farmers  at  a  fair  profit,  for  starting  colonies  to  improve  the  yield 
of  clover-seed.  We  may  yet  have  conventions  and  societies  where 
the  leading  object  shall  be  to  discuss  the  merits  of  diflbrent  sorts 
of  bumble-bees. 

A  few  years  ago  experiment-stations  in  Europe  began  testing 
seeds  which  were  ofl'ered  for  sale  in  the  markets.  Adulterations 
were  discovered  most  ingenious  in  character,  harmful  in  effect,  and 
remarkable  in  amount. 

The  more  the  subject  was  investigated,  the  worse  it  seemed  to 
be.  Something  of  the  same  sort  has  been  undertaken  in  this  coun- 
try, showing  that  even  in  Michigan  some  worthless  seeds  are  put 
on  the  market.  In  1877  and  later  I  tested  large  numbers  of  vege- 
table-seeds purchased  of  fifteen  of  our  large  dealers  and  growers. 
Not  one  of  these  is  free  from  selling  seeds  that  are  worthless. 
The  remedy  is  not  easy.  On  account  of  its  eflfect  on  their  adver- 
tising, publishers  are  unwilling  to  print  for  their  readers  the  results 
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of  these  experiments.  Only  a  few  people  can  acquire  the  informa- 
tion after  experiments  are  made. 

In  making  tests  of  seeds,  we  still  lack  information  in  regard  to 
the  surest  and  best  mode  of  testing  each  sort.  Here  is  a  good 
work  for  some  accurate  and  ingenious  scientist  to  invent  new  ap- 
paratus, learn  the  proper  amount  of  heat,  air,  and  moisture,  for 
producing  the  best  results,  find  out  whether  seeds  will  thrive  best 
with  a  constant  temperature,  or  a  variable  temperature  ;  and  leara 
the  best  modes  of  preserving  seeds  alive  from  one  year  to  another, 

I  need  hardly  mention  to  intelligent  students,  that  there  is  an 
extensive  field,  a  very  attractive  one,  in  the  study  of  fungi.  The 
agriculturist,  who  deals  with  plants,  not  only  wants  to  know  the 
kinds,  but  the  requirements  which  are  favorable  or  unfavorable  to 
their  development.  In  the  study  of  effectual  remedies  against 
fungi,  something  has  been  done ;  but  there  is  still  much  demand  for 
more  knowledge.  Successful  experiments  in  regard  to  fungi  are 
not  likely  to  be  made  except  by  botanists. 

I  have  only  glanced  at  a  few  points  where  the  biologist  can  find 
interesting  work  which  will  give  threefold  returns  by  advancing 
science,  helping  to  elevate  agriculture,  and  benefiting  our  country. 
There  are  many  experiment-stations  in  Europe,  and  some  in  this 
country.  We  hope  their  number  may  soon  increase,  and  that  liberal 
and  permanent  endowments  will  not  be  lacking.  This  Association, 
and  all  other  societies  working  in  the  interest  of  science,  can  ren- 
der a  great  service  by  doing  what  they  can  to  encourage  experi- 
ments in  all  depai'tments  of  agriculture.  Men  can  be  encouraged 
to  prepare  papers,  and  committees  can  make  reports  pertaining  to 
the  subject.  There  is  a  need  of  thorough  state  surveys,  solely 
with  a  view  to  the  interests  of  agriculture  and  kindred  subjects. 
More  knowledge  of  our  soils,  water,  building-materials,  plants, 
timber,  injurious  fungi,  insects,  and  birds,  would  return  to  a  state 
fivefold  the  cost  of  acquiring  such  information.  In  brief,  then,  as 
one  of  the  humble  workers  in  the  interests  of  agriculture,  I  most 
cordially  invite  you  to  turn  your  attention  to  some  of  the  problems 
which  vex  the  husbandman. 
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Agricultural   Botany.      By  E.   Lemtis    Sturtevant  of  Gen- 
eva, N.  Y. 

[abstract.] 

Ip  kitchen  garden  plants  be  closely  studied  in  many  varieties, 
it  will  be  found  that  selection  has  difiTerentiated  the  various  nat- 
ural species  in  accordance  with  desired  uses. 

It  will  be  noticed  that  while  there  is  a  striking  uniformity  within 
varieties  in  those  portions  of  the  plant  which  have  not  been  se- 
lected for  improvement,  there  is  a  great  variation  between  those 
portions  which  have  secured  attention  on  account  of  their  uses. 
Thus,  in  forty-five  varieties  of  onions  growing  side  by  side,  the 
foliage  is  all  similar,  yet  the  bulbs  vary  in  size,  color,  shape  and 
habit  of  formation.  The  twenty-two  varieties  of  carrots  present 
like  foliage,  3^et  unlike  roots.  In  sixty  kinds  of  lettuce  a  likeness 
of  bloom  and  great  unlikeness  between  plants  while  of  edible 
size.  Among  sixty-six  kinds  of  tomato  a  sameness  of  bloom, 
certain  variations  in  foliage  and  growth  habit,  and  a  very  marked 
diversity  in  form  of  fruit  borne. 

It  follows  from  a  careful  observation  of  over  eleven  hundred 
named  varieties  of  kitchen  garden  plants,  that  two  series  of  varia- 
tions can  be  distinguished :  the  least  marked,  the  normal  varia- 
tions that  occur  between  the  parts  not  subjected  to  conscious 
selection  as  being  of  little  account  for  use ;  the  very  marked,  or 
artificial  variations  that  are  produced  by  conscious  selection  ex- 
erted apon  the  parts  which  are  valued  for  their  use,  and  which 
selection  has  been  exercised  most  stringently  upon  fotm. 

It  will  be  further  noticed  that  according  as  selection  for  the 
same  purpose  has  been  exercised  upon  the  various  parts  a  paral- 
lelism of  development  has  taken  place  between  plants  of  different 
species,  genera  and  orders.  Tliis  parallelism  of  development  points 
to  a  unity  of  arrangement  in  the  forces  by  which  the  correspond- 
ences are  produced. 
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The  effect  of  selection  concentrated  upon  visible  forms  has  been 
to  produce  and  fix  changes  from  the  natural  plant  to  such  an  extent 
as  in  cases  to  mask  the  original  species  so  that  historical  data 
must  supplement  morphological  data  in  order  to  connect  the  gen- 
etic record.  Thus,  for  illustration,  there  at  first  seems  no  specific 
connection  between  certain  cultivated  kales,  cabbages  and  cauli- 
flowers, while  a  specific  connection  of  these  with  the  ruta-baga 
seems  uncertain.  It  is  only  as  these  forms  are  produced  through 
the  sowing  of  the  seeds  of  Brassica  oleracea  that  their  close  rela- 
tion becomes  manifested. 

In  the  case  of  some  long  cultivated  plants  the  original  prototype 
is  unknown,  and  can  be  sought  but  by  conjecture.  Such  is  the 
case  with  many  of  our  cereals,  with  lettuce,  etc. 

In  some  plants  selection  has  been  exerted  in  different  directions, 
as,  for  illustration,  with  the  beet,  whereby  the  root  beet  and  the 
leaf  beet  have  been  produced ;  the  celery  and  the  celeriac ;  the 
parsley  and  the  Hamburg  parsley ;  the  onion  and  the  top-onion, 
etc. 

It  is  clearly  evident  that  conscious  selection  is  a  powerful  agency 
for  the  changing  of  form,  and  by  long  exercise  can  overcome  the 
norm  or  type  afiSxed  by  nature  to  a  species.  The  direction  of  this 
change  and  its  consequences  are  determined  by  man  in  the  direc- 
tion toward  usefulness  to  him  as  distinct  from  nature's  intent 
toward  the  maintenance  of  the  species. 

We  hence  have  a  different  set  of  motives  governing  the  domes- 
ticated plant  than  those  which  govern  the  feral  plant. 

The  individuals  of  a  natural  species  cluster  about  a  common  type, 
held  in  place  by  a  natural  environment  reacting  with  the  force 
transmitted  by  heredity.  The  individuals  of  an  artificial  species 
(domesticated  variety)  cluster  about  a  common  type  formed 
and  continued  through  man's  agency  whereby  an  assisted  environ- 
ment reacts  upon  heredity  modified  by  selection  in  influencing 
plant  form. 

In  the  feral  plant  genetic  resemblance,  as  observed  or  inferred, 
furnishes  a  method  of  classification  in  accord  with  the  law  of  evo- 
lution as  expressing  harmonies  of  action  of  special  causes.  Through 
the  reaction  of  natural  heredity  with  natural  environment,  classes 
are  already  formed  for  us  and  but  await  our  discovery. 

In  the  domesticated  plant  the  power  of  intelligence  to  eliminate, 
modify  and  direct  the  action  of  natural  laws  under  a  given  purposei 
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introduces  a  new  factor  to  influence  plant  growth,  and  forms  de- 
signed for  uses  mask  genetic  resemblances  in  those  portions  of  the 
plant  where  change  means  value  to  man.  In  accordance  with  the  law 
of  evolution,  but  under  a  new  application,  form  becomes  paramount 
as  a  motive  over  genesis :  usefulness,  freed  from  the  motive  of  self- 
maintenance,  becomes  paramount  over  the  motive  of  continuance  of 
the  species.  Through  the  reaction  of  an  assisted  heredity  with  an 
artificial  environment  including  conscious  selection,  in  artificial 
plants,  classes  are  also  already  formed  for  us,  and  but  await  our 
discovery. 

If,  in  nature,  classes  are  formed  through  considering  genetic  data 
as  paramount,  then  the  natural  system  is  in  force  for  classification. 
If,  under  art,  classes  are  formed  through  human  selection  based 
upon  form  as  paramount,  then  an  artificial  system  of  classifi- 
cation is  as  truly  scientific,  and  expresses  in  like  manner  as  true 
a  set  of  relations,  but  relations  of  a  different  character,  as  does 
the  natural  system.  In  a  scientific  artificial  arrangement  we  seize 
npon  a  quality  or  qualities  which  yield  us  information  as  to  the  mo- 
tive or  development  for  uses,  and  which  furnish  signs  of  natural 
laws  as  modified  and  infiuenccd  by  man,  and  form  of  selected  parts 
furnishes  the  key;  in  a  scientific  natural  arrangement  we  seize 
upon  a  quality  or  qualities  which,  through  equal  correlations  yield 
signs  of  natural  laws,  and  the  floral  organs,  as  indicative  of  the 
motive  of  the  wild  plant's  existence,  furnish  the  key. 

If  these  views  are  correctly  stated,  then  it  is  seen  that  an  Agri- 
coltural  Botany  as  an  annex  to  the  Natural  Botany  is  imperatively 
required  for  the  purpose  of  furthering  classification  and  indentifi- 
catiou  of  domesticated  plants,  and  such  an  annex  must  vary  in  its 
methods  as  widely  from  the  methods  of  the  natural  botany  as  cul- 
tivated plants  vary  from  feral  plants,  the  key  to  the  motive  being 
in  one  case  the  form  of  parts  in  use,  in  the  other  the  floral  organs. 


Influence  of  position  on  seed.    By  E.  Lewis   Sturtevant  of 
Geneva,  N.  Y. 

[ABSTRACT.] 

In  trials  carried  forward  at  the  New  York  Agricultural  Experi- 
ment Station  last  winter  it  was  found  that  for  an  average,  91  per 
cent  of  but  kernels,  88  per  cent  of  central  kernels  and  98  per  cent 
of  tip  kernels  of  flint  corn  germinated ;  while  for  dent  corns  70 
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per  cent  of  but  kernels,  56  per  cent  of  the  centres  and  60  per  cent 
of  the  tip  kernels  germinated.  Oar  trials  were,  however,  all  too 
few  in  number  to  justify  generalization  without  farther  evidence  in 
the  field.  The  following  table  represents  the  result  of  planting 
8420  each  of  but,  central  and  tip  kernels,  the  three  kinds  taken  fh>m 
the  same  ears,  and  representing  the  five  but,  five  central  and  five 
tip  kernels  of  each  row  of  the  Waushakum  Flint  corn. 

There  were  five  plats,  each  containing  three  rows  of  each  kind 
of  seed :  38  hilts  with  6  kernels  in  each,  or  228  kernels  to  a  row, 
or  684  kernels  of  a  kind  in  a  plat.  Planted  May  17,  vegetated 
May  28,  final  count  June  8. 

YBOETATIOVS. 


Plat. 

Bute. 

Centres. 

Tips. 

I.A.1 

543 

506 

607 

I.  A.  a. 

651 

581 

590 

I.  A.  8. 

571 

580 

588 

I.  A.  4. 

584 

574 

606 

I.  A.  6. 

517 

656 

565 

— 

Total. 

2715 

2886 

2965 

Per  cent 

79 

84 

86 

Comparing  these  figures  with  the  average  obtained  in  other  plats 
with  ordinary  seed  of  the  same  corn,  as  carefully  selected. 


Plat, 
s.  6. 
E.  7. 
D.  1. 
D.  2. 


2376  kernels  planted ;  2019  vegetated,  or  86  per  cent. 

1188       "  «•        ;  1006         "  "  84       " 

1126       «*  «        ;     790        ••  **  70       " 

1126       "  ••        ;      776         "  "  69       " 


In  a  field  trial  on  a  smaller  scale  in  1882,  70  per  cent  of  the 
but,  96  per  cent  of  the  central  and  97J  per  cent  of  the  tip  kernels 
vegetated.  For  the  crop,  calculating  the  merchantable  ears  to  the 
100  plants,  we  had. 


Unmannred  plat. 
Manured  plot. 


Merchantable  ears  yielded  per  100  plants, 

From  but  seed.    From  central  seed.    From  tip  seed. 


110 
112 


78 
107 


120 
117 


Unmannred  plat. 
Manured  plat. 


Unmerehaatable  ears  yielded  per  100  plants. 

From  but  seed.   From  central  seed.   From  tip  seed. 


57 
97 


26 
14 
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At.  length  of  merchantable  ears.   Inches. 

From  bnt  seed.   From  central  seed.  From  tip  seed. 
Unmannred  plat.                        1A7                       6JX  6.13 

Manared  plat.  0.64  7.10  7^ 

Preliminary  trials  towards  establishing  the  limits  within  which 
onr  figures  will  apply,  justify  the  conclusion  that  these  figures  ofiier, 
viz: — that  for  flint  corn  the  tip  kernels  have  the  stronger  vegeta- 
tive power.  It  is  part  of  the  station  work  to  establish  the  range 
within  which  variation  may  be  expected  to  occur  in  agricultural 
work,  or,  in  other  words,  to  define  the  limits  of  probable  error  in 
various  sei'ies  of  equivalent  events,  but  our  results  are  as  yet  not 
Bofflciently  advanced  to  oflTer  to  the  public. 


Parallelism  of  Structurb  of  Maize  and  Sorghum  kernels. 
By  E.  Lewis  Sturtbvant  of  Geneva,  N.  Y. 

rABSTRACT.] 

If  kernels  of  flint,  pop,  sweet  and  Tuscarora  maize  be  split  par- 
allel to  the  germ,  each  race  will  be  seen  to  present  a  definite 
arrangement  of  structure.  Thus,  the  flint  corn  exhibits  a  germ 
surrounded  by  starchy  matter,  and  this  in  turn  by  a  corneous  en- 
velope ;  in  the  pop  corn  proper  the  germ  is  enclosed  in  the  corneous 
matter,  the  starchy  matter  being  absent,  except  as  the  pop  variety 
entrenches  upon  the  flints.  The  sweet  corn  has  a  similar  structure 
to  the  pop,  but  the  corneous  matter  is  translucent  and  wrinkled  ; 
in  the  dents  the  corneous  matter  occupies  the  sides,  the  starchy 
matter  extending  through  to  the  summit,  and  including  the  germ ; 
in  the  Tuscarora  the  corneous  matter  is  entirely  absent,  and  only 
the  germ  and  the  starchy  matter  are  to  be  made  out. 

If  kernels  of  sorghum  be  split  in  like  manner,  a  similar  arrange- 
ment is  to  be  found.  Thus,  the  seed  of  the  varieties  distributed 
under  the  name  of  "Dhourra,"  '^African  Wheat,"  and  "Millo  Maize" 
correspond  to  the  flint  corn  type,  the  germ  surrounded  by  starchy 
matter,  and  this  in  turn  included  in  a  corneous  envelope.  In  ^^Rice 
Wheat"  we  flnd  the  pop  corn  type,  germ  and  corneous  matter,  no 
starchy  matter  being  visible.  In  ^'Neeazana"  we  have  a  structure 
modelled  upon  the  dent  corns,  and  in  '^Chinese  Sugar  Cane,"  a 
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structure  modelled  after  the  Tuscarora,  or  starchy  matter  and  germ 
without  visible  corneous  matter. 

On  account  of  the  confusion  of  vernacular  names  it  seems  un- 
necessary to  introduce  further  examples,  although  an  examination 
of  some  thirty  or  forty  so-called  varieties  shows  that  this  observa- 
tion is  founded  upon  general  characters. 

In  the  case  of  the  maize  kernel  we  might  assume  that  these  diff- 
erences have  been  produced  by  consciuos  selection,  the  kernel  being 
the  portion  used,  and  the  various  races  being  fitted  for  uses  founded 
upon  the  structure.  In  the  case  of  the  sorghum,  however,  the  sup- 
position would  scarcely  answer,  as  the  kernel  is  of  small  size,  and 
apparently  has  not  been  subjected  to  conscious  selection.  In  view 
of  this  parallelism  of  structure,  together  with  the  probability  that  a 
like  selection  has  not  been  exerMsed  upon  both  species,  it  seems 
safe  to  infer  that  these  structural  differences  within  each  genus 
have  more  meaning  than  simple  variety  differences,  and  that  the 
same  causes  have  been  at  work,  independent  of  man's  conscious 
selection,  to  produce  the  races  which  in  Zea  and  Sorghum  have 
such  well-marked  and  allied  characteristics. 


Relation  of  Root  and  Leaf  areas  in  Corn.     By  D.  P.  Pen- 
hallow  of  Montreal,  Canada. 

[▲D8TRACT.] 

The  exact  determination  of  the  relation  between  the  aerial  and 
subterranean  portions  of  a  plant  is  a  question  which  has  an  im- 
portant practical  bearing,  but  the  obvious  difficulties  in  the  way 
of  its  solution  have  apparently  deterred  observers  from  any  special 
effort  in  this  direction,  and  in  my  own  case  have  resulted  in  ren- 
dering many  attempts  fruitless.  Measurements  made  duiing  the 
summer  of  1882,  however,  have  given  us  figures  which  may  be 
considered  reasonably  accurate ;  they  are  therefore  given  here,  not 
as  fully  conclusive,  but  as  indicative  and  for  the  purpose  of  enlist- 
ing the  efforts  of  others  in  a  similar  direction,  for  a  law  which  can 
be  generally  applicable  in  this  case  will  only  be  secured  after 
repeated  trial  and  estimation.  The  plants  selected  for  the  pur- 
pose, were  those  of  the  white  flint  corn,  four  weeks  from  theground- 
They  were  obtained  without  breakage  of  the  roots  by  digging  a 
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trench  parallel  with  the  row  and  washing  out  by  means  of  a  hose. 
The  plants  were  then  taken  to  the  ofQce  and  the  roots  carefully 
separated  from  each  other  under  a  strong  pump  stream.  Tbe 
measurements  of  roots  and  leaves  of  the  same  plants  gave  the 
following  results. 


Stbm. 

Arerag^  etrcumference, 

84)5 

CM. 

Length, 

18.00 

CM. 

Total  area. 

64.00 

8.  CM. 

LSJLTBS. 

Whole  number, 

8 

Total  area  of  one  surface, 

881.07 

S.  C  M. 

Total  area  of  both  enrflftces, 

762.14 

S.  C  M. 

Total  area  of  transpiration, 

817.04 

S.CM. 

Boom. 

Primary  root,  total  length. 

2S 

CM. 

Laterals  of  primary. 

With  branches, 

Whole  number, 

78 

Total  length. 

510.30 

CM. 

Average  length, 

6.54 

CM. 

Branches. 

Whole  number, 

1JW9 

Total  length. 

2075.45 

CM. 

Average  length. 

1.65 

CM. 

Without  branches. 

"                   Whole  number. 

207 

Total  length. 

353.90 

CM. 

Average  length. 

1.71 

CM. 

Secondary  roots. 

With  laterals. 

Total  length, 

247.00 

CM. 

Laterals. 

Without  branches. 

Whole  number, 

1086 

Total  length, 

3138.64 

CM. 

Average  length, 

2.89 

CM. 

With  branches. 

Whole  number, 

18 

Total  length, 

d5.63 

CM. 

Average  length. 

8.6 

CM. 

Branches. 

Whole  number, 

181 

Total  length. 

85.63 

CM. 

Average  length. 

0.78 

CM. 

Without  laterals. 

Whole  length, 

74.80 

CM. 

Total  Lbkqth  of  Root,        65.829  M.  or  217.762  feet 

DUMETEBS. 

A      Primary  roots. 

Secondary  roots.  0.123   CM. 

B      Laterals  of  primary  root,  0UU8   C  M. 

O      Branches  of  primary  laterals. 

Branches  of  secondary  laterals. 

Laterals  of  seoondaries,  0.036   CM. 
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ClBOUMFEBBKOBS. 

A 

0.8864    CM. 

B 

0.1907    CM. 

0 

oaiao  CM. 

AREAS. 

A 

132.844    CM. 

B 

130.234    8.  CM. 

O 

604.047    S.CM. 

Total  Root  Aksa. 

867 JS5    8. CM. 

In  making  these  determinations,  each  root  and  fragment  was 
measured,  so  that  the  entire  length  passed  under  inspection.  The 
measurements  were  all  made  under  a  dissecting  glass.  The  leaves 
were  measured  by  dividing  them  up  into  a  number  of  trapezoids 
and  measuring  each  separately.  By  these  precautions  it  is  believed 
the  unavoidable  error  was  reduced  to  a  minimum.  It  is  proper  to 
mention  here  that  this  work  was  rendered  possible  only  through 
the  hearty  co5peration  of  two  devoted  students,  Miss  Chapman 
and  Miss  Hatch.  The  error  remaining  in  the  figures  as  presented, 
arises  from  inaccuracy  in  leaf  measurement,  and  though  inconspi- 
cuous, would  have  a  tendency  to  make  the  results  a  trifle  too  small. 
The  error  in  estimation  of  the  roots  would  be  more  conspicuous, 
but  would  make  the  results  too  large.  In  view  of  these  facts,  it 
seems  highly  probable  that  the  root  and  leaf  areas  normally  ap- 
proach a  strict  equality.  If  such  be  the  case,  then  we  might  expect 
to  find  the  root  hairs,  or  organs  of  absorption,  equalling  in  func- 
tional power,  the  stomata  of  the  leaf  or  transpiratory  organs. 
Numerous  attempts  to  determine  the  number  of  root  hairs  upon  a 
given  area  have  always  met  with  great  difficulties.  As  new  hairs 
are  constantly  being  formed  and  old  ones  as  rapidly  passing  away, 
or,  what  is  woi-se  for  our  purpose,  becoming  dead  but  still  persis- 
tent, it  is  quite  impossible  to  determine  just  where  to  draw  the  line 
of  functional  activity  and  select  only  those  which  are  strictly 
equivalent  to  the  action  of  the  stomata  in  the  leaf. 

The  results  obtained,  however,  from  a  large  number  of  averages, 
showed  a  total  of  10561.00  per  S.  C.  M. 

As  a  result  of  estimation  by  three  separate  observers,  the  stom- 
ata were  found  to  be  for  the 

Upper  surface  of  the  leaf,  5411  per  S.  C.  M. 

Lower  surface,  6980  per  S.  C.  M. 

These  figures  were  obtained  from  a  very  large  number  of  aver- 
ages, and  may  be  considered  reasonably  correct,  since  the  extreme 
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percentage  error  for  the  three  observers  was  not  more  than  two 
and  one-half. 

Compai'ing  the  whole  number  of  stomata  for  both  surfaces  of 
the  leaf,  6195.5,  with  the  whole  number  of  root  hairs,  10561.00 
per  square  centimetre,  a  very  considerable  discrepancy  will  be 
found  in  favor  of  the  latter.     It  should  be  borne  in  mind,  however, 
that  while  it  is  comparatively  easy  ta  determine  the  proportional 
part  of  a  stoma  which  occupies  a  given  square  of  the  micrometre, 
it  is  not  so  easy  to  determine  exactly  the  full  number  of  root  hairs 
iu  the  same  area,  and  thus  serious  error  is  sure  to  arise.     Agaifi, 
the  determinations  were  made  upon  a  basis  of  1-10000  of  a  square 
centimetre,   hence  all  errors   are  multiplied  just   10000  times. 
Therefore,  if  we  go  back  to  the  original  area  of  estimation,  we 
shall  have  for  the  stomata  0.61955,  and  for  the  root  hairs  1.0561 
per  1-10000  of  a  square  centimetre.    While  this  number  may  rep- 
resent an  approximation  to  the  true  ratio,  we  cannot  assert  with 
any  assurance  that  the  relation  is  at  all  well  defined  so  far  as  mere 
numbers  are  concerned.     The  size  of  a  stoma  is  subject  to  little 
or  no  variation  after  it  reaches  the  period  of  functional  activity, 
and  its  power  to  permit  the  transpiration  of  a  given  quantity  of 
water  is  controlled  only  by  the  continuation  of  its  vitality  and 
not  by  its  stage  of  growth.     In  the  root  hairs  we  have  organs 
which  are  performing  their  functions  during  the  entire  period  of 
an  active  growth.    New  hairs  are  constantly  arising  where  old 
ones  are  becoming  useless,  and  thus  with  such  diverse  lengths, 
different  areas  may  represent  entirely  different  quantities  of  func- 
tional energy.     Moreover,  the  number  of  mot  hairs  to  a  given 
area  is  largely  controlled  and  modiOed  by  the  special  conditions 
of  growth,  while  the  same  is  not  true,  in  the  same  degree  at  least, 
of  the  transpiratory  organs.     Thus  in  time  of  drought,  the  roots 
develop  an  excess  of  root  hairs  to  supply  the  demands  of  the 
leaves  which  remain  more  nearly  constant.     At  such  times,  how- 
ever, we  do  not  find  an  increased  development  of  leaf  and  stomata, 
for  the  plant  already  has  too  many.     On  the  other  hand,  there  is  a 
strong  check  upon  their  further  development  and  thus  from  a  two- 
fold direction,  there  comes  in  a  strong  element  in  favor  of  a  dis- 
proportion between  the  special  organs  of  transpiration  and  those 
of  absorption.     Again,  from  the  fact  that  the  water  taken  up  by 
the  roots  is  partly  used  up  in  the  chemical  processes  of  the  plant, 
while  the  remainder  is  transpired,  it  follows  that  the  root  hairs 
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must  either  exceed  the  stomata  in  numbers  or  in  size  and  func- 
tional energy. 

All  this  taken  into  consideration  would  lead  us  to  believe  that, 
while  under  wholly  normal  conditions  of  growth,  there  may  be  a 
more  or  less  definite  numerical  relation  between  root  hairs  and 
stomata  of  the  leaves,  under  ordinary  conditions  of  growth  this 
relation  is  more  strictly  dependent  upon  fuuctional  considerations 
alone,  aud  that  it  cannot  be  exactly  expressed  by  numbers. 
Whether  we  recognize  the  root  hairs  as  strictly  the  functional 
equivalents  of  the  stomata  or  not,  it  is  true  that  we  must  admit 
the  functional  equality  of  the  roots  and  leaves  as  a  whole.  An 
extension  of  this  thought  would  lead  us  to  see  that  these  organs 
are  equivalents  in  the  first  place  as  mere  areas  of  extension ;  in 
the  second  place  their  equality  functionally  depends  upon  (a)  their 
degree  of  specialization  and  (6)  the  necessity  for  specialization  of 
certain  parts.  As  a  matter  of  fact,  if  the  roots  absorb  at  all  as 
such,  this  power  is  confined  to  a  short  distance  near  the  tip  where 
growth  is  active  but  it  ceases  as  soon  as  the  epidermis  is  replaced 
by  a  corky  layer,  and  this  occurs  very  soon. 

If  the  leaves,  as  such,  perform  the  functions  of  transpiration, 
their  power  in  this  direction  is  very  largely  controlled  by  the  special 
conditions  of  growth  as  modifying  their  structure,  since  we  know 
that,  while  under  ordinary  circumstances,  the  epidermal  structure 
is  so  developed  as  to  permit  a  certain  amount  of  transpiration,  in 
many  cases,  as  in  cacti,  there  is  a  specialization  of  this  structure 
for  the  express  purpose  of  retarding  loss  of  moisture.  We  must 
consider,  therefore,  that,  primarily  organs  of  extension,  the  func- 
tional value  of  both  roots  and  leaves  must  depend  chiefly  u[K>n  the 
degree  in  which  certain  parts  are  specialized,  and  this  we  must 
look  for  in  the  hairs  and  stomata.  As  we  have  seen,  moreover, 
that  roots  in  general  are  incapable  of  absorbing  moisture  beyond  a 
very  limited  extent,  while  leaves  and  all  green  parts  of  the  plant 
not  too  highly  cuticularized  may  partake  of  the  transpiratory 
function,  we  may  reasonably  assume  that  part  of  the  inequality 
shown  in  our  figures  may  be  accounted  for,  and  is  compensated 
for  in  this  way. 

In  the  absence  of  confirmatory  observations,  we  must  assume 
for  the  present,  that  these  indications  are  correct ;  that  natore 
maintains  a  constant  and  well  defined  relation  between  the  portions 
of  the  plant  exposed  to  the  air  and  that  covered  by  the  soil. 
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Careful  reflection  cannot  fail  to  show  the  disturbance  of  normal 
functions  which  muit  invariably  follow  any  act  upon  the  part  of 
man,  by  which  this  relation  is  disturbed.  Applications  of  the 
principle  must  readily  suggest  themselves  to  the  intelligent  reader 
in  such  operations  as  transplanting  and  similar  processes  where  a 
portion  of  the  root  is  likely  to  be  removed. 


Origin  of  thb  Flora  op  the  Central  New  York  Lake  Region. 
By  William  E.  Dudley  of  Ithaca,  N.  Y. 


An  Abnormal  Orchid.    By  William  R.  Dudley  of  Ithaca,  N.  Y. 

[▲BSTBACT.] 

Two  years  since  the  writer  found  some  thirty  specimens  of  Ha- 
benaria  hyperborea  growing  in  dry  ground  under  beech  trees,  all  the 
flowers  of  which  were  destitute  of  spurs ;  and  in  all  cases  the  label- 
lum  was  so  changed  in  form  as  to  resemble  the  labellum  of  Habe- 
fiaria  dilcUata  the  nearest  congener  of  H.  hyperborea.  It  will  be 
seen  from  the  drawings  accompanying  this  paper  as  read,  and  from 
the  specimens  themselves,  that  it  is  not  a  case  of  ordinary ' '  peloria." 

The  condition  of  peloria  is  excellently  illustrated  by  drawings  of 
an  abnormal  H.  tridentata  which  accompany  this  paper,  as  read. 

This  case  of  H,  hyperborea  comes  under  no  one  recognized  class 
of  teratological  variations,  but  is  evidently  caused  by  an  arrest  of 
development ;  and  if  we  may  suppose  the  general  law  to  bold  that 
variations  produced  by  this  cause  usually  show  a  more  primitive 
form  of  the  species,  then  this  variation  of  the  lip  or  labellum  toward 
H.  dilatata  indicates  the  latter  species  to  be  the  older  species  or 
a  more  primitive  type,  while  H,  hyperborea  may  have  originated 
from  it.  The  absence  of  the  spur  would  seem  to  point  to  the  con- 
clusion that  it  was  one  of  the  latest  modifications  of  the  Habenaria 
flowers,  the  one  most  easily  lost  in  any  unusual  strain  upon  the 
plant's  resources. 
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Note  on  the  Present  Condition  of  the  Box  Huckleberrt,  Vao 
ciNiuM  Brachtcerum  Mchx.,  in  Perry  County,  Pa.  By  E.  W. 
Claypole  of  Akron,  Ohio. 

[ABSTRACT.] 

MiCHAux  described  a  species  of  Huckleberry  from  Virginia  ander 
the  name  of  Vaccinium  brachycerum.  This  plant  cannot  now  be 
found  in  either  of  the  two  habitats  mentioned  by  that  author.  It 
IS  possibly  extinct.     Its  chief  habitat  now  is  in  Perry  County,  Pa. 

The  plant  occurs  on  a  hill  side  composed  of  the  Chemung  shale 
near  New  Bloomfield.  It  is  very  abundant  on  this  spot  but  its 
range  is  very  small  and  remarkably  restricted.  It  does  not  cover 
more  than  about  ten  acres  of  ground  in  a  piece  of  woodland,  but  the 
causes  which  determine  its  limitation  are  not  easily  seen.  In 
one  direction  it  grows  down  to  a  small  run  forming  a  perfect  mat  to 
the  water's  edge  and  on  the  other  si  de  only  two  yards  away  not  a 
plant  can  be  seen.  In  the  wood  also  it  is  ix>ssible  to  walk  with 
one  foot  buried  in  a  mass  of  this  plant  and  the  other  where  not  a 
specimen  is  growing.  The  line  of  its  growth  is  marked  almost  as 
plainly  as  if  by  an  invisible  fence  which  it  does  not  pass. 

This  pretty  little  huckleberry  is  hovering  as  it  were  on  the  very 
verge  of  extinction.  The  clearing  of  the  few  aercs  on  which  it 
grows  and  ploughing  for  one  or  two  seasons  would  totally  eradicate 
it  and  I  know  of  no  other  place  in  the  county  where  it  occurs.  I 
have  heard  that  it  is  to  be  found  on  a  neighboring  hill  but  have 
not  found  it. 

The  fruit  which  is  now  ripe  is  edible  but  possesses  less  flavor 
than  the  other  huckleberries.  In  appearance  it  most  resembles 
the  low  blueberry  being  covered  with  a  bloom.  It  is  worthy  of 
notice  that  it  does  not  fruit  freely.  This  year  when  the  crop  of 
other  huckleberries  is  unusually  large  the  berries  of  this  species 
are  scattered  singly  and  sparingly  over  the  plants.  Possibly  we 
have  here  one  cause  of  its  diminution.  It  flowered  very  abun- 
dantly. 

The  plant  grows  from  six  to  ten  inches  high,  is  evergreen,  but 
turns  red  in  the  winter. 

The  only  other  locality  for  it  known  to  me  is  on  the  bank  of  In- 
dian River  about  tidewater,  in  Newcastle  Co.,  Delaware,  where  it 
has  been  found  by  Mr.  Commons,  who  has  kindly  sent  me  speci- 
mens exactly  resembling  those  of  Perry  Co. 
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A  Supposed  Poisonous  Seaweed  in  the  Lakes  of  Minnesota. 
By  J.  C.  Arthur  of  Charles  City,  Iowa. 

[ABSTRACT.] 

This  paper  gave  the  incidents  which  led  to  the  apprehension  of 
a  certain  alga  of  Minnesota  lakes  as  the  cause  of  considerable 
mortality  among  domestic  animals.  In  July  of  1882  several 
cows  and  young  cattle,  and  a  small  number  of  horses  and  hogs 
died  at  Waterville,  a  small  place  about  sixty-five  miles  south  of 
Minneapolis,  in  such  a  manner  that  the  probable  cause  was  traced 
to  the  water  they  drank,  which  in  every  instance  was  that  of  the 
lakes  in  the  vicinity.  These  lakes  are  of  various  sizes.  Lake  Te- 
tonka,  the  largest,  covering  a  little  over  two  square  miles,  and  are 
in  no  way  peculiar  except  in  being  connected  and  drained  by  a 
small  sluggish  river.  The  water  of  the  lakes  and  river  at  the  time 
of  the  trouble  was  green  with  a  small  floating  alga,  which  pervaded 
the  water  and  formed  a  scum  on  the  surface  that  the  wind  collected 
into  masses  along  the  shores.  The  alga  proved  to  be  the  same  as 
one  described  by  Dr.  Cohn  of  Germany  under  the  name  of  Rivu- 
laria  flaitans.  The  synonymy  of  the  species  has  not  yet  been 
traced,  and  it  may  have  been  described  under  an  earlier  name. 
The  Waterville  plant,  also  detected  during  the  present  session  in 
Lake  Minnetonka,  consists  of  little  balls  of  the  uniform  size  of 
mustard  seed,  of  a  dark  olive-green  color,  turning  reddish-brown 
when  dead,  which,  contrary  to  the  usual  habit  of  members  of  the 
genus  Rivularia^  float  free.  The  minute  anatomy  has  been  given 
elsewhere,  and  it  is  rather  the  design  of  this  paper  to  call  attention 
to  the  plant's  supposed  poisonous  qualities.  In  both  1882  and 
the  present  year,  by  the  time  the  spot  could  be  reached  after  noti- 
fication that  the  plants  had  attained  their  maximum  abundance, 
the  danger  was  passed,  through  the  almost  total  disappearance  of 
the  alga,  and  in  consequence  no  experiments  could  be  undertaken. 
The  history  of  the  circumstances,  elsewhere  given  in  detail,  shows 
that  while  the  evidence  of  poisonous  qualities  in  this  plant  is 
purely  presumptive,  it  is  seemingly  well  founded.  The  observa- 
tions thus  far  have  been  under  the  direction  of  the  Department  of 
Agriculture  of  the  University  of  Minnesota,  and  are  to  be  con- 
tinued. 
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Relations  of  certain  forms  of  Alojb  to  disagreeable  Tastes 
AND  Odors.    By  W.  G.  Farlow  of  Cambridge,  Mass. 

[ABSTRACT.] 

Although  large  masses  of  any  decaying  vegetation  may  render 
water  unfit  for  drinking,  the  only  group  of  plants  to  be  feared,  as 
far  as  their  effect  on  the  taste  and  odor  is  concerned,  is  the  mem- 
bers of  the  nostoc  family,  which  form  floating  scums  of  a  bluish- 
green  color.  When  exposed  to  a  bright  sun,  especially  in  shallow 
water,  they  are  transformed  into  foetid,  repulsive-looking  masses  of 
slime,  which  give  to  the  water  the  so-called  pig-pen  odor.  The 
water-supplies  of  several  eastern  cities  have  been  thus  contami- 
nated, and  principally  by  species  of  Ccelosphserium,  Clathrocystis, 
and  Anabaena.  In  Minnesota  is  the  representative  of  a  fourth 
genus,  Rivularia,  which  was  first  found  last  year  at  Waterville  by 
Professor  Arthur,  and  which  has  been  found  to  be  very  abundant 
this  year  in  Lake  Minnetonka ;  and  in  all  probability  it  occurs  in 
most  of  the  other  lakes  of  this  region.  The  singular  fact  is,  that 
while  unknown  elsewhere  in  this  country,  the  species  was  found 
several  years  ago  by  Cohn  in  Silesia,  who  named  it  RmilariafluU 
tans;  and  it  was  detected  also  by  Gobi  near  the  Gulf  of  Riga.  It 
appears  also  to  be  very  closely  related  to,  if  not  identical  with,  an 
alga  abundant  in  certain  parts  of  England,  referred  by  Hai-vey  and 
more  recently  by  Philips  to  EcJiinella  articukUa  Ag.  This  is  an- 
other illustration  of  the  very  wide  distribution  of  the  species  of  the 
nostoc  family,  of  which  we  have  other  recent  illustrations  in  the 
Nostodiopsis  lobatus  of  Wood,  first  described  from  the  northern 
states,  but  which  has  since  been  found  to  be  identical  with  Mazea 
rivularioides  subsequently  discovered  in  Brazil ;  and  again  in  Hor- 
mactis  Quoyi  which  is  found  only  at  Falmouth,  Mass.,  and  the  Mari- 
anne islands  in  the  Pacific. 

There  is  a  strong  probability  that,  in  the  fiiture,  Minneapolis  may 
be  troubled  by  the  decay  of  the  different  nostocs  floating  in  the 
lakes  near  the  city,  where  they  are  very  abundant.  As  far  as  avoid- 
ing trouble  from  these  plants  is  concenied,  undoubtedly  river- water 
is  to  be  preferred  to  lake-water ;  but  before  many  years  the  Mis- 
sissippi near  Minneapolis  will  be  contaminated  by  sewage,  and  the 
water  will  probably  then  be  obtained  from  the  lakes.  If  the  shal- 
lower lakes  near  the  city  are  used,  there  can  be  little  doubt  that  in 
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Bominer  Minneapolis  will  have  the  same  trouble  as  that  experienced 
in  Boston.  Even  at  greater  expense,  the  water  should  be  brought 
from  large  and  deep  lakes,  especially  those  across  which  the  winds 
sweep  so  as  to  keep  the  surface-water  roughened. 


Thb  Spbbad  of  Epidemic  Disbasbs  in  Plants.    By  W.  G.  Fablow 
of  Cambridge,  Mass. 

[ABSTRACT.] 

In  the  case  of  animals  it  can  be  said,  that,  excepting  the  diseases 
attributed  to  bacteria,  they  are  subject  to  but  few  diseases  caused 
by  Aingi.  In  the  case  of  plants,  however,  the  greater  part  of  the 
diseases  to  which  they  are  subject  are  caused  by  parasitic  fungi ; 
excepting,  of  course,  the  injuries  caused  by  insects,  which  need 
hardly  be  considered  in  speaking  of  epidemic  diseases.  Most  of 
the  violent  epidemic  diseases  of  plants  are  caused  by  fungi  of  the 
orders  Uredineae,  rusts,  and  Peronosporeae,  rots.  Fortunately,  the 
species  of  these  orders  attack  only  a  single  species  of  host,  or  at 
most  several  species  closely  related  botanically ;  so  that,  for  in* 
stance,  a  rot  which  would  attack  the  potato  would  not  probably 
attack  the  grape,  although  it  might  be  expected  to  attack  the  to- 
mato, which  is  botanically  closely  allied  to  the  potato.  As  might 
be  expected,  the  most  violent  epidemics  occur  during,  or  Just  after, 
unusually  wet  periods.  An  epidemic  disease  spreads  either  by  the 
dispersion  of  its  spores  through  the  air,  or  by  the  transportation 
of  the  host-plant  on  which  it  is  growing ;  the  latter  being  probably 
the  means  by  which  diseases  are  carried  across  large  bodies  of 
water,  as  the  Atlantic. 

With  the  introduction  of  food-plants  from  Europe  to  this  coun- 
try come,  of  course,  many  of  their  parasitic  diseases.  It  should 
be  noted,  however,  that  the  most  violent  plant-epidemics  of  recent 
times  have  advanced  not  from  east  to  west,  but  from  west  to  east. 
The  best  known  case  is  that  of  the  potato  rot  in  1845,  and  since 
then  the  very  accurately  recorded  case  of  the  grape-mildew,  Pero- 
no^pora  viticoUt^  has  arisen.  In  the  first  case,  the  disease  is  sup- 
posed to  have  reached  Europe  from  the  west  coast  of  South  America, 
by  way  of  the  United  States.     In  the  latter  case,  the  grape-mould, 
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which  is  a  native  of  North  America,  can,  as  I  showed  by  experi- 
ments in  1876,  be  transferred  to  the  European  vine;  and  it  was 
prophesied  that  the  disease  would  extend  to  Europe  and  do  more 
barm  than  with  us.  The  prophecy  was  very  soon  fulfilled,  as  you 
all  know.  In  the  two  diseases  just  mentioned,  it  is  a  characteristic 
of  the  spores  that,  in  germinating,  instead  of  giving  off  a  filament, 
they  discharge  a  number  of  motile  zo5spores,  each  of  which  is  ca- 
pable of  propagating  the  disease.  We  have  several  other  species 
of  Peronospora,  which  produce  zoospores,  some  of  which  have  ap- 
parently crossed  from  America  to  Europe ;  and  there  are  others 
which,  although  common  in  this  country,  have  not  yet  appeared  in 
Europe,  although,  following  the  grape-mould,  they  may  be  expected 
to  appear  there  hereafter.  Among  these  may  be  mentioned  Pero- 
nospora HcUstediiy  which  grows  on  composites,  and  may  later  be 
found  in  Europe  on  the  Jerusalem  artichoke.  Professor  T release 
has  recently  found  a  Peronospora  on  Sicyos  in  Wisconsin,  which 
resembles  the  grape-mould  in  general  appearance.  The  germina- 
tion of  the  spores  has  not  yet  been  observed,  but  judging  by  anal- 
ogy one  would  expect  them  to  produce  zoospores.  It  would  not 
be  surprising  if  the  Peronospora  on  Sicyos  should  also  be  found 
hereafter  causing  a  disease  of  squashes  or  melons ;  and  its  pi-ogress 
eastward  might  be  expected  as  in  the  cases  previously  cited. 

Reference  was  made  to  a  modification  of  the  spores  sometimes 
observed  in  Peronospora.  Mr.  Earle  of  Cobden,  III.,  collected 
species  on  Geranium  and  Viola,  where,  instead  of  the  usual  branch- 
ing spore-stalks,  the  spores  were  borne  on  the  mycelium  close  to 
the  breathing-pores  ;  the  spores  themselves  being  very  much  larger 
than  in  the  common  form.  A  similar  monstrosity  has  been  noted 
by  Cornu  in  the  grape-mould.  The  specimens  were  collected  by 
Mr.  Earle  in  April,  and  the  speaker  suggested  that  this  form  of 
spores  might  perhaps  be  an  adaptation  to  the  cold  and  wet  weather 
of  spring.  The  conditions  wliich  produce  the  monstrous  forms 
are  worth  considering  by  collectors. 

Of  the  diseases  caused  by  UredineaB  which  have  advanced  from 
west  to  east,  the  hollyhock-disease,  Puccinia  malvacearum^  is  the 
best-known  instance.  Its  original  home  was  probably  Chili ;  but 
it  spread  through  Europe  about  ten  years  ago,  not,  however,  by  way 
of  this  country,  as  was  probably  the  case  with  the  potato-rot.  The 
diseases  produced  by  fungi  of  other  orders,  as  Ascomycetes,  do 
not  spread  with  the  same  rapidity  as  the  rusts  and  rots.    This  is 
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shown  by  the  black  knot,  which  is  so  destructive  in  this  country  to 
plums  and  some  kinds  of  cherries.  It  is  a  native  of  this  country, 
and  is  found  on  most  of  our  wild  species  of  Prunus,  especially  the 
choke-cherry,  a  shrub  which  has  been  introduced  into  many  places 
in  Europe.  As  yet,  however,  the  black  knot  has  not  made  its  ap- 
pearance in  Europe. 

The  speaker  then  said  he  had  just  found  the  grape-mildew  grow- 
ing on  the  Virginia  creeper  {Ampelopsis  guinquefoUa)  near  Min- 
neapolis. As  this  plant  is  closely  related  to  the  vine,  the  occun-ence 
of  tjie  mildew  might  have  been  expected.  In  attempting  to  pre- 
vent the  spread  of  the  disease  to  countries  where  it  is  unknown, 
the  discovery  ib  of  importance.  It  is  evident,  that,  to  prevent  the 
spread  of  the  disease,  the  importation  of  Ampelopsis  as  well  as  of 
grape-vines  must  be  prohibited. 


Leaves  qt  the  Graminejc  wrrn   Closed  Sheaths.    By  W.  J. 
Beal  of  Lansing,  Mich. 

[abstract.! 

Authors  speak  of  the  leaves  of  Cyperaceae  as  having  closed 
sheaths,  while  those  of  the  Gramine«e  have  open  sheaths.  It  is 
true,  at  even  a  very  early  stage,  that  many  of  the  leaves  of  the 
Gramiuese  have  open  sheaths,  but  all  of  our  common  grasses,  so 
far  as  examined,  have  one  or  more  of  the  lower  sheaths  closed. 
In  many  cases  these  lower  sheaths  are  split  or  torn  open  as  the 
stem  and  succeeding  leaves  enlarge.  The  same  is  true  of  the 
lower  leaves  of  the  branches.  Some  twenty  species  of  grasses, 
mostly  natives  of  North  America,  have  been  examined. 

In  case  of  AirhenatJierum  avenaceum^  three  or  more  of  the  lower 
leaves  have  closed  sheaths  while  there  are  are  five  or  more  in 
Dactylis  glomerata.  Species  have  been  examined  belonging  to 
Alopecurus,  Phleum,  Poa,  Festuca,  Horedum,  Colamagrostis,  Lo- 
lium,  Setaria^  Panicum,  Secale,  Avena,  Eragrostis,  Sporobolus. 
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DSTELOPMKKT  OF  A  DANDELION  FlOWXK.      Bj  JoHN  M.   OOLLIBB 

of  Crawfordsville,  Indiana. 

[abstract.] 

The  paper  gives,  as  a  result  of  i>ersonal  investigation,  testimony 
upon  which  are  based  the  following  conclusions  in  respect  to  this 
species. 

1.  The  inferior  ovary  is  produced  by  an  arrest  in  the  develop- 
ment of  the  floral  axis,  the  rising  in  a  i)eripheral  ring  of  the  floral 
organs,  and  the  giadual  arching  over  of  the  cavity  thus  produced 
by  two  carpellary  leaves. 

2.  The  syngenesious  anthers  are  united  by  contact  and  pres- 
sure, but  in  no  sense  structurally. 

8.  The  ovule  is  not  produced  directly  from  the  axis,  but  is  an 
outgrowth  from  the  surface  (probably  the  midrib)  of  a  carpellary 
leaf. 


A  Fact  bearing  upon  the  Evolution  of  the  Genus  Ctpripedium. 
By  E.  S.  Bastin  of  Chicago,  111. 

[ABSTRACT.] 

In  June  1881,  while  botanizing  at  the  southern  end  of  Lake  Mich 
igan,  I  found  a  specimen  of  Cypnpedium  spectdbUe  that  was  pecu- 
liarly interesting.  I  descnbed  and  figured  it  at  the  time  in  ^^  The 
Druggist, "  but  it  seems  to  me  to  be  of  so  much  significance  in  con- 
nection with  the  evolution  of  the  Orchidaceae  in  general  and  of 
Cypripedium  in  particular  that  I  have  thought  best  to  bring  it  to 
the  attention  of  this  Association.  The  monstrosity  to  which  I  al- 
lude was  an  almost  regular  flower  growing  on  the  same  stem  with 
one  of  the  ordinary  form.  In  the  usual  form,  the  calyx  consists  of 
two  whitish,  broadly  oval,  obtuse,  or  scarcely  pointed  sepals,  the 
lower  one  evidently  composed  of  two  united  pieces.  The  corolla 
consists  of  two  lateral  white  petals  about  as  long  as  the  sepals,  but 
narrower.  The  lip  occupies  the  position  of  the  third  petal  and  is 
a  large  and  sac-like  organ,  often  two  inches  long,  pinkish,  except 
on  the  posterior  under  portion,  and  decidedly  pink  on  the  anterior 
upper  portion.    The  sides  of  the  oblong  apertui*e  of  the  lip  are 
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provided  on  either  side  with  an  ear*like  infolding.  The  gynandrous 
stamens  are  two  in  number  and  lateral,  opposite  the  petals.  The 
anthers  face  backward  toward  the  column,  which  is  declined.  Oc- 
oopying  the  upper  part  of  the  column,  in  nearly  the  position  of  the 
third  stamen,  is  a  large  dilated-triangular,  somewhat  petal-like 
body  which  curves  downward  toward  the  interior  of  the  lip  and 
covers  the  stigma  and  stamens.  The  style  is  bent  downward  at 
right  angles  to  the  column  and  is  about  two-thirds  as  long.  The 
stigma  is  dilated-triangular,  obscurely  and  unequally  three-lobed, 
facing  toward  the  interior  of  the  lip,  and  is  not  seen  until  the  lat- 
ter organ  is  bent  downward,  owing  to  the  fact  that  it  is  covered 
by  the  broad  rudimentary  stamen.  The  ovary  is  inferior,  six-ribbed, 
somewhat  curved  and  twisted  and  one^elled  with  parietal  placentae. 

The  monstrous  form  which  I  found  differed  from  this  in  possess- 
ing three  broadly  lanceolate  sepals  all  alike  and  not  at  all  united.  It 
had  no  lip,  but  three  regularly  formed  pure  white  petals  all  of  the  same 
size  and  shape,  as  long  as,  but  somewhat  narrower  than,  the  sepals 
and  alternating  with  them.  Representing  the  first  staminal  whorl 
were  two  instead  of  one  fleshy  dilated  triangular  bodies  occupying 
the  normal  position,  i.  6.,  alternating  with  the  petals.  They  re- 
sembled in  thickness  and  in  general  shape  the  one  in  the  normal 
flower  and  were  also  spotted  like  it,  but  were  somewhat  smaller 
and  not  bent  but  erect  or  nearly  so.  The  second  staminal  whorl 
consisted  of  three  fully  developed  stamens  inserted  on  the  column 
opposite  the  petals  and  closely  resembling  those  of  the  normal 
flower  in  structure,  except  that  coalescence  with  the  style  was  less 
complete,  and  the  connective,  or  projection  at  the  back  of  the  an« 
ther,  was  rather  more  conspicuous.  The  stigma  was  nearly 
equally  and  deeply  three-lobed,  the  lobes  alternating  with  the  sta- 
mens. The  column  was  but  slightly  bent,  the  ovary  scarcely 
twisted  and  the  flower  was  nearly  erect.  It  will  be  observed  that  here, 
in  a  genus  of  plants  affording  some  of  the  most  strikingly  irregular 
flowers  in  the  vegetable  kingdom,  was  a  flower  all  but  regular, 
and  unsymmetrical  only  with  respect  of  one  thing,  viz. :  in  not 
possessing  even  a  vestige  of  the  third  stamen  of  the  flrst  staminal 
whorl. 

If  the  specimen  is  to  be  regarded  (as  undoubtedly  it  should  be) 
as  an  instance  of  atavism  or  reversion  to  an  ancestral  type,  we 
have  here  a  striking  confirmation  of  the  view  lK>tanist8  have  reached 
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of  the  typical  structure  of  the  flower  of  a  monocotyledon,  viz. : 
that  it  is  a  trimerous,  regular  and  symmetrical  flower  possessing 
five  whorls  of  floral  organs.  It  tends  also  to  establish  the  conclu- 
sion already  reached  by  Robert  Brown  and  other  able  botanists 
that  the  large  dilated-triangular  organ  of  the  ordinary  flower  is  the 
rudiment  of  a  stamen  belonging  to  the  first  staminal  whorl,  a  view, 
which  plausible  as  it  seems  on  theoretical  grounds,  has  neverthe- 
less had  but  few  facts  for  its  support.  No  doubt  the  organ  origin- 
ated by  the  disappearance  of  the  anther  and  the  broadening  and 
thickening  of  the  filament  and  its  extension,  the  connective.  In 
fact,  in  the  monstrosity  under  consideration  the  fertile  stamens 
were  when  viewed  from  the  back,  very  much  like  miniatures  of  the 
two  rudiments  of  the  outer  whorl. 

But  the  study  of  this  monstrosity  seems  to  throw  some  light  also 
on  the  nature  and  origin  of  the  lip  of  Cypripedium,  and  hence,  by 
inference  also,  of  that  of  other  Oi-chidaceae.  Mr.  Darwin,  from  a  study 
of  the  arrangement  of  the  spiral  vessels  in  the  lip  of  Cypripedium  has 
reached  the  conclusion  that  this  organ  is  a  compound  one,  made  up 
of  the  lower  petal,  two  stamens  of  the  outer,  and  one  of  the  inner 
whorl.  This  view  would  seem  a  very  plausible  one  indeed  asido 
from  the  evidence  furnished  by  the  grouping  of  the  spiral  vessels, 
for  it  accounts  at  once  for  the  disappearance  of  parts,  for  the  enor- 
mous development  of  the  lip,  and  for  the  two  curious  earlike  infold* 
ings  of  the  upper  margin.  But  if  this  monstrosity  truly  represent* 
a  stage  in  the  development  of  Cypripedium,  I  do  not  see  how  thi« 
view  can  be  maintained,  for  one  stamen  of  the  outer  whorl  had  en- 
tirely disappeared  and  no  trace  was  left  behind,  or  any  evidence 
from  a  difference  in  the  size  or  thickness  or  venation  of  the  petals 
that  it  had  coalesced  with  one  of  them.  , 

Then  also  if  Mr.  Darwin's  view  were  the  correct  one,  that  the  two 
stamens  of  the  outer  whorl  had  gone  to  form  the  outer  part  of  the  lip 
and  the  earlike  infoldings,  they  would  both  have  disappeared  or 
coalesced  with  the  third  petal  at  the  same  time,  but  this  specimen 
indicates  that  they  disappeared  one  at  a  time.  We  must  conclude, 
then,  that  the  lip,  if  a  compound  organ  at  all,  is  made  up  merely  of 
the  lower  petal  united  to  the  stamen  of  the  inner  whorl  that  would 
normally  come  opposite  to  it,  and  Dr.  Cruger  is  right  in  denying 
that  the  homologies  of  the  parts  of  flowers  may  safely  be  deduced 
from  the  course  and  grouping  of  the  spiral  vessels. 
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The  Position  of  the  CoMPosiTiE  in  the  Natural  System.    By 
Jos.  F.  James  of  Cincinnati,  Ohio. 

[abstract.*] 

An  examination  of  the  structure  of  the  flowers  of  the  Compositce, 
with  a  suggestion  that  the  Gamopetalse  should  be  considered  as  of 
a  higher  type  than  the  Polypetalae ;  and  that  the  Compositse  should 
be  placed  at  the  head  of  the  vegetable  kingdom. 


Periodicity  of  Sabbatia  angularis.    By  Mary  E.  Murtfeldt 
of  Kirkwood,  Mo. 


On  the  Trituberculatb  Type  of  Molar  Tooth  in  the  Mammalia. 
By  E.  D.  Cope  of  Philadelphia,  Pa. 

[ABSTRACT.] 

It  is  now  apparent  that  the  type  of  superior  molar  tooth  which 
predominated  during  tlie  Puerco  epoch  was  triangular  or  tiituber- 
cular ;  that  is,  with  one  internal  and  two  external,  tubercles.^  Thus 
of  sixty-seven  species  of  placental  Mammalia  of  which  the  super- 
ior molars  are  known,  all  but  four  have  three  tubercles  of  the 
crown,  and  of  the  remaining  sixtj'-three  all  are  triangular  excepting 
those  of  three  species  of  Periptychus,  and  one  of  Ectoconus,  which 
have  a  small  supplementary  lobe  on  each  side  of  the  median  prin- 
cipal inner  tubercle. 

This  fact  is  important  as  indicating  the  mode  of  development 
of  the  various  tj-pes  of  superior  molar  teeth,  on  which  we  have  not 
heretofore  had  clear  light.  In  the  first  place  this  type  of  molar 
exists  to-day  only  in  the  insectivorous  and  carnivorous  Marsupia- 
lia ;  in  the  Creodonta,  and  the  tubercular  molars  of  such  Carnivora 
as  possess  them  (excepting  the  plantigrades).  In  the  Ungulates 
its  persistence  is  to  be  found  in  the  molars  of  the  Coryphodontidae 

>Tbc  paper  is  printed  in  full  in  tho  American  Naturalist  for  December,  1883. 
>See  American  Naturalist,  April,  1883,  page  407. 
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of  the  Wasatch,  and  Dinocerata  of  the  Bridger  Eocenes.    In  later 
epochs  it  is  occasionally  seen  only  in  the  last  superior  molar. 

It  is  also  evident  that  the  qnadritubercular  molar  is  derived  fVom 
the  tritnbercular  by  the  addition  of  a  lobe  of  the  inner  part  of  a 
cingulum  of  the  posterior  base  of  the  crown.  Transitional  states 
are  seen  in  some  of  the  Penptychidse  {Anisoywhus)  and  in  the  seo- 
toiials  of  the  Procyonidae. 

The  tritnbercular  or  triangular  snperior  molar  is  associated  with 
a  corresponding  form  of  the  anterior  part  of  the  inferior  molar. 
This  kind  of  inferior  molar  I  have  called  the  **tubereular  sectorial,"^ 
and  is  very  variable  as  to  the  degree  of  development  of  the  sectorial 
cutting  edge.  The  anterior  triangle  is  formed  by  the  connection 
by  ridge  or  crest,  of  the  median  and  anterior  internal  cusps  with 
the  anterior  external.  Its  primitive  form  is  seen  in  Didelphys, 
Pelycodus,  Pantolambda  and  the  Ambl^'poda  generally ;  in  Cen- 
tetes  and  Talpa;  and  in  its  sectorial  form,  in  Stypolophus  and 
Oxyaena,  etc. 

The  mechanical  action  of  such  teeth  is  as  follows.  Of  course  it 
results  from  the  form  of  the  superior  molars  that  the  spaces  be- 
tween them  are  wedge  shaped,  the  apex  external,  the  base  opening 
to  the  palate.  The  base  of  the  triangular  section  of  the  anterior 
part  of  the  inferior  molar  is  interior,  and  the  a[>ex  exterior ;  and 
when  the  jaws  are  close(|,  this  triangular  prism  exactly  fits  the 
space  between  the  superior  molars.  The  lower  heel  of  the  inferior 
molar  receives  the  impact  of  the  crown  of  the  superior  molar. 
Thus  the  oblique  edges  of  the  inferior  triangle  shear  on  the  edges 
of  two  adjacent  superior  molars.  The  anterior  paits  of  the  infe- 
rior molars  form,  with  the  superior  molars,  an  alternating  dental 
series,  as  distinguished  fVom  the  prevalent  opposed  dentition  of 
most  mammalia.    In  so  far  it  resembles  the  reptilian  dentition. 

This  primitive  dentition  has  been  modified  in  two  directions :  viz., 
to  form  the  grinding  and  sectorial  dentitions.  As  already  remarked, 
the  superior  molars  gradually  acquire  a  posterior  internal  lobe, 
which  produces  the  quadrituberculate  type.  This  lobe,  by  oppos- 
ing the  anterior  internal  lobe  of  the  next  posterior  inferior  molar, 
precludes  the  entrance  of  the  anterior  triangle  of  the  latter  between 
the  two  superior  molars.  Hence  we  find  in  the  types  which  possess 
qnadritubercular  superior  molars  that  the  anterior  triangle  of  the  in- 

*  See  Report  G.  M.  Wheeler,  to  chief  of  Engineers  on  EzpU  Snnr.,  W.  lOOth  Mer.  Vol. 
iv,  pt.  ii,  on  the  Creodouta. 
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ferior  molar  is  not  elevated,  if  present,  as  for  instance  in  Rhino- 
cems.  It  is,  however,  more  fluently  atrophied,  and  disappears, 
forming  the  inferior  quadritubercular  molar  so  well  known. 

On  the  other  hand,  as  I  have  pointed  out^,  the  anterior  internal 
cosp  of  the  triangle  of  the  inferior  molar  may  be  more  developed 
antero-posteriorly,  giving  the  antero-extemal  edge  of  the  triangle 
mnch  greater  obliquity  than  the  postero-external.  In  con*espon- 
dence  with  this  modification,  the  superior  triangular  molar  loses  its 
equilateral  character  by  the  more  anterior  position  of  its  internal 
angle,  thus  elongating  tlie  posterior  internal  side.  The  latter  thus 
fits  the  corresponding  form  of  the  triangle  of  the  inferior  molar, 
forming  with  it  the  shear  of  the  sectorial  tooth. 

In  a  former  article  ^^  On  the  Homologies  of  the  Molar  Teeth, 
etc.,''^  I  traced  the  modifications  of  the  superior  and  many  of  the 
inferior  molars  of  the  Ungulate  mammals  to  a  parent  quadrituber- 
culate  type.  In  a  subsequent  essay^  I  traced  the  origin  of  the 
inferior  sectorial  to  a  primitive  flve-tubercled  or  ^Hubercular  sector- 
ial**  type.  Farther  than  this  I  did  not  go,  and  made  no  attempt  to 
derive  the  few  cases  of  triangular  superior  molars  then  known,  nor 
the  type  of  the  superior  sectorial.  The  revelations  of  the  Puerco 
fauna  show,  that  the  superior  molars  of  both  ungulate  and  unguicu- 
late  mammalia  have  been  deriVed  from  a  tntubercular  type ;  and 
that  the  inferior  true  molars  of  both  have  been  derived  from  a 
^'tubercular  sectorial"  type.  Shall  we  look  for  the  origin  of  the 
latter  in  a  tritubercular  tooth  also,  i.e.,  the  tubercular  sectorial 
without  heel ;  and  will  the  crowns  of  the  true  molars  of  the  prim- 
itive mammals  alternate  with,  instead  of  oppose,  each  other? 


On  the  Structure  of  the  Skull  in  Diolonius  hirabilis,  a  Lar- 
amie DiNOSAURiAN.    By  Edw.  D.  Cope  of  Philadelphia,  Pa. 

IAB8TRACT.] 

This  paper  was  based  on  a  nearly  perfect  skeleton,  found  by 
Messrs.  Wortman  and  Hill,  in  Dakota,  of  the  Diclonius  mirabilis 
of  Leidy,  a  species  closely  related  to  the  Hadrosaurus  foidkeL 
The  toUl  length  of  the  skeleton  is  thirty-eight  feet ;  that  of  the 

«  On  the  origin  of  the  sectorial  tooth  of  the  Cami  vora.   American  Naturalist,  1875. 

'Journal  Academy  Nat.  Sciences,  Philadelphia,  March,  1874. 

•On  the  origin  of  the  sectorial  tooth  of  the  CamiTora.  American  Naturalist,  1875. 


Digitized  by 


Google 


816  SECTION  F. 

skall  1.18  meters.  The  skall  is  much  ^4ike  that  of  a  goose."  The 
dentition  is  remarkable  for  its  complexity  and  for  the  difference 
between  the  superior  and  inferior  series ;  it  includes  more  teeth  than 
the  Hadrosanrus,  there  being  568  in  each  maxillary  bone,  and  378 
in  each  splenial  bone,  making  in  all  1,892.  Dermal  or  corneous 
structures  have  left  distinct  traces  in  the  soft  sandstone  about  the 
end  of  the  beak-like  muzzle.  The  affinity  of  the  Dinosaurs  to 
birds  is  confirmed  by  the  skeleton,  but  it  is  empirical  rather  than 
essential,  and  is  confined  to  a  few  points,  as  the  form  and  position 
of  the  vomer,  the  large  development  of  the  premaxillary  bone,  and 
the  toothless  character  of  this  bone  and  the  dentary.  So  far  as 
the  author  is  aware,  the  extension  of  the  premaxillary  above  the 
maxillary,  so  far  as  to  overlap  the  lachrymal,  is  unique  among 
Vertebrata. 


On  two  primitive  Types  op  Ungulatje.    By  E.  D.  Cope  of  Phila- 
delphia, Pa. 

[abstract.] 

Exuibitions  of  figures  of  restorations  of  Ptienacodis  vortmani 
and  Hyracotherium  venticolum. 


Pharyngeal  Respiration  in  the  Soft-shelled  Turtle  (Aspido- 
NECTES  spinifer).    By  Simon  H.  Gage  of  Ithaca,  N.  Y. 
[abstract.] 

During  the  last  twenty-five  years,  the  mechanism  of  respiration 
in  the  Chelonia  has  been  investigated  with  considerable  thorough- 
ness both  in  this  country  and  in  Europe ;  and  at  present  the  Che- 
lonian  form  of  respiration  is  considered  to  be  comparable  with  that 
of  the  mammal  rather  than  with  that  of  the  frog,  as  formerly  sup- 
posed. While,  however,  the  mechanism  of  respiration  has  been 
quite  fblly  investigated,  there  has  been,  so  far  as  I  am  aware,  bat 
one  who  has  considered  the  organs  of  respiration  in  the  dififerent 
groups  of  turtles. 
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Professor  Agassiz,  in  pai-t  II,  of  the  "  Contributions  to  North 
American  Zoology"  (p.  284),  states  that  the  lung  capacity  of  the 
sofb-shelled  turtle  is  far  less  in  proportion  to  its  body  weight  than  is 
that  of  the  land  turtles.  He  also  states,  in  considering  this  fact, 
that  the  skin  on  the  ventral  side  of  the  bod}-,  from  its  rich  network 
of  blood  vessels,  acts  as  a  respiratory  organ.  He  further  states 
that  in  the  pharynx  are  many  fringclike  processes  which  resem- 
ble the  inner  gills  of  tadpoles,  and  probably  have  the  same  function, 
although  no  mention  is  made  as  to  the  method  of  their  use. 

In  1878  while  watching  a  soft-shelled  turtle  from  Cayuga  Lake 
confined  in  a  glass  aquarium,  it  was  observed  that  the  throat  and 
the  floor  of  the  mouth  became  alternately  swollen  and  collapsed, 
while  the  turtle  was  completely  immersed  in  the  water.  The  ap- 
pearance was  very  much  like  the  respiratory  movements  of  a  frog 
in  the  air.  As  no  air  escaped  from  the  turtle  the  bulging  of  the 
throat  and  mouth  must  be  caused  by  filling  the  mouth  and  pharynx 
with  water,  and  expelling  it,  or  the  air  must  be  forced  into  the 
mouth  from  the  lungs  and  then  forced  back  into  the  lungs,  as  is 
done  sometimes  by  men  when  swimming  under  water. 

In  order  to  determine  whether  or  not  water  was  taken  into  the 
mouth  and  expelled,  the  bottom  of  the  aquarium  was  covered  with 
fine  sea  sand,  and  the  observations  were  made  when  the  animal 
was  resting  quietly  on  the  sand. 

At  the  beginning  of  the  movement,  the  mouth  would  slightly 
open,  and  its  floor  would  swell  out,  the  swelling  passing  steadily 
onwanl  to  the  throat.  After  a  moment  of  quiet,  the  swelling 
would  disappear  in  the  inverse  order  of  its  appearance. 

During  the  disappearance  of  the  swelling  of  the  throat  and 
mouth,  the  sand  for  a  considerable  distance  in  front  of  the  ani- 
mal's head,  would  be  swept  aside  as  by  a  rapid  stream.  The  move- 
ment of  the  sand,  without  the  escape  of  air,  seemed  to  prove 
conclusively  that  the  mouth  and  throat  were  alteniately  filled  with 
water  and  emptied. 

These  pharyngeal  respirations,  as  they  may  be  called,  were  very 
regular  occurring  ten  to  fifteen  times  a  minute.  My  observations 
were  verified  by  Professor  Wilder  and  several  of  our  laboratory 
students. 

While  therefore  the  investigations  of  Agassiz  showed  that  in  the 
pharynx  of  the  soft-shelled  turtle  were  organs  apparently  suitable 
for  aquatic  respiration,  the  observations  here  recorded  of  the 
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rhythmical  bathing  of  these  organs  with  Aresh  water  seem  to  make 
the  evidence  complete,  that  a  trne  aquatic  is  combined  with  an  ae- 
rial respiration. 

It  is  hoped  that  during  the  coming  year,  investigations  may  be 
completed  which  shall  determine  the  exact  amount  of  oxygen  con- 
sumed in  this  pharyngeal  respiration,  and  the  structure  of  this  un- 
usual respiratory  organ  in  the  sofb-shelled  turtle. 


On  the  Use  op  Vaseline  to  prevent  the  loss  op  Alcohol  from 
Specimen  Jars.  By  Burt  G.  Wilder  and  Simon  H.  Gaoe  of 
Ithaca,  N.  Y. 

The  petroleum  pi*eparation  known  as  vaseline  is  known  to  be 
practically  unaffected  by  ordinary  temperatures  and  by  most  sub- 
stances. In  the  Journal  of  the  Chemical  Society,  July,  1882,  p.  786, 
it  is  said  to  be  ^^  sparingly  soluble  in  cold  strong  alcohol,  and  com- 
pletely in  hot,  but  separates  out  on  cooling."  After  trying  various 
substances, — wax,  parafflne,  oil  and  glycerine  with  but  partial  suc- 
cess, the  use  of  vaseline  was  suggested  by  the  two  authors  inde- 
pendently and  nearly  at  the  same  time.  The  experiments  tried 
this  spring  indicate  that,  during  three  months,  at  ordinary  spring 
and  summer  temperatures,  there  is  no  appreciable  loss  of  95  per 
cent,  alcohol  from  glass  vials  or  jars,  whether  upright  or  inverted 
or  on  the  side,  provided  corks  are  anointed  on  the  bottom  as  well 
as  on  the  side,  provided  ground  glass  stoppers  are  anointed  and 
firmly  inserted,  and  provided  the  rubber  rings  of  fruit  jars  and  the 
specimen  jars  made  by  Whitall,  Tatum  and  Co.,  are  anointed  on 
both  sides  and  the  covers  well  screwed  down. 

We  have  also  used  the  vaseline  for  preventing  the  loss  of  other 
liquids,  excepting  chloroform  and  spirits  of  turpentine ;  as  a  lubri- 
cator of  drawers,  and  to  prevent  the  sticking  of  the  covers  or  stop- 
pers of  cement  vials ;  and  for  the  prevention  of  rust  upon  steel 
instruments. 
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The  PsTLLiDiE  OF  THE  Unitkd  States.    By  C.  V.  RiLET  of  Wash- 
ington, D.  C. 

[ABSTRAOT.] 

The  Psyllidse,  or  flea>Hce,  are  rather  small  homopteroas  insects, 
that  have  remarkable  jumping  powers.  Some  of  them  injure  cul- 
tivated plants.  This  is  notably  true  of  the  Psylla  pyriy  which 
blights  the  buds  of  pear-trees ;  and  PhyUoplecta  tripuncUUa^  which 
crumbles  the  tips  of  the  blackberry.  The  family  has  received  little 
attention  in  the  United  States,  and  scarcely  anything  has  been 
known  of  the  life-history  and  development  of  the  species.  The 
paper  enumerates  seventeen  described  species,  four  of  these  being 
synonymes,  and  one  of  them  {PsyUa  pyri)  introduced  firom  Europe. 
They  fall  into  four  subfamilies,  and  represent  four  genera  already 
characterized,  and  three  new  genera, — Brachylivia,  Pachypsylla, 
and  PhyUoplecta.  The  new  species  characterized  are  Calophya 
vitreipennis^  from  Arizona;  C.  nigripennis^  on  Rhus  copaUina; 
C.  flavida^  on  Rhus  glalyi^a;  Pachypsylla  ceUidis-curcurbUa^  form- 
ing galls  on  leaves  of  CeUis  texana^  P,  c.-pubescens^  P.  c.-asteriscus  ; 
P.  c.-umbUicus  and  P.  c.-^esicidum  —  all  forming  galls  on  leaves  of 
Cdtis  occidentalis;  Blastophysa  (nov.  gen.)  c-gemma^  forming  galls 
on  the  twigs  of  the  same  tree ;  Ceropsylla  (nov.  gen.)  sideroxyli^ 
a  remarkable  form  developing  in  pits  on  the  leaves  of  Sideroxylon 
masticodendron ;  Trioza  Banguinosa^  on  Pinus  australis;  T.  sonchty 
on  Sonchus  arvensis;  and  Rhinopsylla  schuxirzii^  from  the  cypress- 
swamps  of  Florida.  The  paper  records  discoveries  as  to  the  life- 
history  of  the  species,  and  especially  those  affecting  Rhus  and 
Celtis ;  the  latter  forming  a  group  peculiar  to  Noiiih  America,  and 
the  most  perfect  gall-makers  in  the  family. 

The  eggs  of  Psyllidae  are  attached  to  leaves  by  a  pedicel,  are 
somewhat  pointed  at  one  end,  and  often  terminate  in  a  filament. 
The  young  are  broad  and  flattened,  with  a  fringed  margin.  They 
are  generally  pale,  and  more  or  less  covered  with  a  flocculent  se- 
cretion. Those  on  sumach  are  dark,  and  without  such  flocculence. 
Those  making  galls  on  hackberry  have  stout  spines  at  the  end  of 
.the  body,  by  the  aid  of  which  they  are  able  to  work  out  of  their 
galls. 
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SOMR  RBCKKT  DISCOTERIES   IN  REVERENCE  TO   PHYLLOXERA.      Bj  C. 

V.  RiLET  of  Washington,  D.  C. 

[ABSTRACT.] 

Evert  new  fact  in  the  life-history  of  the  insects  of  this  genus 
has  an  exceptional  interest,  because  of  its  bearing  on  the  destmc* 
tive  grapevine  Phylloxera.  The  genus  is  most  largely  repre- 
sented in  this  country  by  a  number  of  gall-making  species  on  our 
different  hickories,  and  the  full  annual  life-cycle  of  none  of  them 
has  hitherto  been  traced.  The  galls  are  produced,  for  the  most 
part,  in  early  spring ;  the  winged  females  issue  therefrom  in  early 
summer ;  thenceforth,  for  the  remainder  of  the  year,  the  where- 
abouts of  the  insect  has  been  a  mystery.  The  author  has  for  sev- 
eral years  endeavored  to  solve  this  mystery  and  at  last  the 
stem-mother  (the  founder  of  the  gall),  the  winged  agamic  females 
(issue  of  the  stem-mother),  the  eggs  (of  two  sizes)  from  these 
winged  females,  the  sexed  individuals  from  these  eggs,  and  the 
single  impregnated  egg  from  the  true  female,  have  been  traced  in 
several  species.  There  is  some  evidence,  though  not  yet  abso- 
lutely conclusive,  that  this  impregnated  egg  hatches  exceptionally 
the  same  season ;  also,  of  a  summer  root-inhabiting  life.  In  PfiyU 
loxera  spinosa^  which  forms  a  large  roseate  somewhat  spinose  gall 
on  Carya  cdba,  and  which  has  been  most  closely  studied,  the  im- 
pregnated egg  is  laid  in  all  sorts  of  crevices  upon  the  twigs  and 
bark  and  in  the  old  galls,  in  which  last  case  they  fall  to  the  ground. 

Up  to  this  time  they  have  remained  unhatched,  and  will  in  all 
probability  not  hatch  till  next  spring,  thus  corresponding  to  the 
''  winter  egg"  of  the  grape  Phylloxera. 


Entomological  Notes  for  1883.    By  E.  W.  Clatpole  of  Akron, 
Ohio. 

{abstract.] 

The  Potato  Beetle. — ^This  insect,  in  1882,  came  as  usual  in 
Middle  Pennsylvania  in  the  early  summer.  I  was  compelled  to  use 
poison  as  in  previous  years.    In  the  later  portion  of  the  summer  I 
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observed  and  noted  at  the  time,  in  the  Canadian  Entomologist, 
that  there  was  no  second  brood  or  that  it  was  so  small  as  to  pass 
unnoticed.  It  was  my  intention  to  watch  in  1883  in  order  to  deter- 
mine if  this  second  brood  was  again  missing.  But  to  my  surprise  in 
1883  there  was  almost  no  first  brood.  The  pest  was  gone.  Here 
and  there  a  few  beetles  appeared,  or  later  a  few  brood  of  young  were 
observed,  but  they  were  so  few  that  by  most  persons  they  passed 
unnoticed.  All  the  season  the  plants  grew  and  flourished  unin- 
jured by  their  enemy. 

Being  called  away  on  business  to  New  York  in  May,  I  observed 
the  same  fact  over  the  whole  intervening  country.  Everywhere 
the  potato  beetle  was  conspicuous  by  its  absence.  In  every  part 
of  Pennsylvania  I  find  the  same  result,  at  least  as  far  as  I  have 
enquired,  and  letters  from  my  former  residence  in  Ohio  inform 
me  that  there  too  the  plants  are  free  from  their  cnem}^ 

I  know  not  to  what  cause  this  freedom  is  to  be  ascribed,  but  note 
the  fact,  for  want  of  time  has  prevented  my  making  any  investiga- 
tion. But  whatever  it  is,  I  am  disposed  to  date  its  action  in  the 
middle  or  early  part  of  last  summer,  and  not  during  the  winter  as 
popular  opinion  inclines  to  believe. 

The  Hessian  Fly. — Daring  tlie  present  season,  1883,  the  Hes- 
sian fly  has  been  exceedingly  abundant  in  some  parts  of  Perry  Co., 
Pa.  I  saw  many  fields  in  which  the  crop  would  certainly  not  pa}' 
the  cost  of  cutting  it.  I  have  found  four,  five,  six  and  seven 
"  flaxseeds  "  in  a  single  straw.  This  of  itself  is  not  deserving  of 
special  remark.  But  on  enquiry  I  was  told  by  farmers  that  it  was 
not  as  is  usually  the  case  the  earliest  wheat  that  was  infested.  Sev- 
eral assured  me  that  in  their  own  and  their  neighbors'  crops,  the 
earliest  and  latest  wheat  was  free,  and  the  rest  of  the  crop  was 
attacked.  By  "earliest"  I  mean  wheat  sown  between  Sept.  1  and 
Sept.  7,  and  by  "  latest"  that  which  was  sown  after  Sept.  22.  I  do 
not  know  if  this  fact  has  been  generally  observed,  but  I  am  satisfied 
the  statement  is  true  for  Perry  County. 

In  explanation,  I  can  only  suggest  that  probably  the  earliest 
wheat  does  not  escape  the  fly,  but  being  large  and  strong,  is  better 
able  to  bear  it,  and  though  suflTering  injury  yet  sprouts  and  repairs 
it«  loss  before  the  spring  growth  comes  on.  The  same  reason  — 
stronger  growth — may  also  enable  it  to  resist  the  spring  attack. 

A.  A.  A.  8.,  VOL.  XXXII.  31 
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PSEPHENUS  LeCONTEI  ;  THE  EXTERNAL  ANATOMT  OP  THE  LARVA.      By 

D.  S.  Kellicott  of  Buffalo,  N.  Y. 

[ABSTRACT.] 

The  species  referred  to  is  found  in  large  numbers  at  the  rapids 
above  the  falls  of  Niagara,  and  is  scattered  throughout  the  north- 
eastern part  of  North  Amenca.  The  author  proposed  to  supple- 
ment the  accounts  given  of  it  by  earlier  observers  with  a  record  of 
his  own  observations,  which  differed  in  some  respects  from  those  of 
Dr.  LeConte.  Several  details  of  anatomical  structure  were  brought 
to  the  attention  of  the  members,  and  illustrated  with  wood-cats 
prepared  for  the  purpose  and  with  specimens  mounted  in  balsam 
for  observations  under  the  microscope. 


Note  on  PnYTOPTiDiE.    By  Herbert  Osborn  of  Ames,  Iowa. 

[ABSTRACT.] 

The  Phytoptidae  comprise  a  group  of  veiy  minute  mites,  species 
of  which  produce  galls  of  various  forms  on  the  leaves  or  twigs  of 
various  trees.  Recent  investigation  in  Europe  has  placed  the 
group  in  a  different  light  from  that  in  which  it  previously  was  con- 
sidered. Their  study  is  rendered  difficult  by  their  extreme  minute- 
ness, and  the  care  necessary  to  discover  tlie  different  stages.  One 
of  the  most  common  species  produces  the  little  wart-like  swellings 
which  occur  so  abundantly  on  soft  maple  leaves.  A  species  on 
ash  leaves  produces  a  swelling  which  is  nearly  uniform  on  the 
upper  and  under  surfaces  of  the  leaf;  while  another  species  on  the 
same  tree  produces  a  leafy  growth  at  the  end  of  the  twigs,  the 
growth  sometimes  being  inhabited  also  by  cecidomy ian  larvae.  On 
the  elm  occurs  a  large  deformed  leafy  growth,  which  also  contains 
Phytopti ;  while  stillanother  form  of  gall  occurs  on  box  elder,  con- 
sisting of  a  depression  on  the  under  surface  of  the  leaf,  this  depres- 
sion being  filled  with  a  woolly  growth,  and  containing  Phytopti. 
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quoted  as  the  strongest  proofs  of  evolution.  This  evidence  is 
considered  complete,  because  naturalists  understand  and  have 
thoroughly  studied  the  skeleton,  and  because  it  is  internal  and  has 
been  assumed  to  be  more  invariable  than  the  shell.  All  of  these 
arguments  have  their  due  weight,  but  we  should  like  to  hear  of  an 
example  of  greater  invariability  than  exists  between  the  shells  of 
the  Nautilus  now  existing  and  those  Barrandeoceras  (Nautilus)  of 
the  Cambrian,  or  of  the  Triassic  and  Cambrian  Orthoceras. 

The  conclusions  aiTived  at  by  the  study  of  the  skeleton  are  re- 
liable, but  they  really  are  no  more  conclusive  in  theoretical  meaning 
than  any  other  case  of  a  series  of  equally  well  understood  hard 
parts  in  any  other  branch  of  the  animal  kingdom  found  as  fossils, 
and  traced  out  in  the  same  careful  and  thorough  manner. 

How  unreasonable  it  would  seem  to  a  student  of  fossil  mam- 
malia, if  he  were  requested  to  do  what  it  would  be  appropriate  to 
require  from  a  student  of  the  fossil  Cephalopoda,  viz.,  to  describe 
from  the  investigation  of  the  single  perfect  fossil  skeleton  of  an 
adult,  not  onl}'  the  characteristics  of  the  skeleton  at  the  stage  of 
growth  in  which  the  animal  died,  but  the  developmental  stages  of 
this  same  skeleton,  and  in  case  it  were  the  remains  of  an  old,  out- 
grown animal,  also,  the  retrogi'ade  metamorphoses  through  which 
it  had  passed  during  its  last  stages  of  decline. 

It  might  require  a  lifetime  to  make  out  the  stages  of  a  single 
species  of  mammal  satisfactorily  from  the  isolated  specimens 
which  could  be  found,  and  the  attempt  would  be  ho|>eless  for  all 
of  the  youngest  periods  of  growth,  while  the  bones  were  still 
cartilaginous. 

Crustacea,  especially  Trilobites,  afford  an  opportunity  of  doing 
this,  as  Barrande  has  shown,  but  the  labor  expended  in  gathering 
the  necessary  number  of  specimens  demands  the  most  extensive 
and  persistent  efforts,  and  one  can  rarely  be  perfectly  sure  that 
the  same  si>ecies  is  under  observation  all  the  time,  since  it  is  im- 
possible, as  among  the  Ammonites  and  Nautili  and  living  animals, 
to  follow  out  the  same  individual  through  all  its  transformations. 

This  kind  of  evidence,  however,  is  as  readily  obtainable  anaong 
fossil  Cephalopods  with  relation  to  the  shell  and  other  hard  parts 
as  among  living  animals,  and  it  can  be  obtained  in  good  collec- 
tions everywhere,  whether  "  in  situ"  or  in  Museums.  Thus  it  is 
possible  to  study  the  relations  of  these  fossil  fonns  very  minutely' 
and  with  a  certainty  of  possessing  a  clew  to  their  true  relations^ 
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which  is  rarely  attainable  even  among  existing  animals,  for  among 
these  we  have  only  the  embryos  and  young  of  contemporaneous 
forms  and  necessarily  lose  all  relations  of  succession  in  time, 
unless  the  investigation  embraces  a  prolonged  senes  of  experi- 
ments or  is  more  or  less  historical,  and  even  then  the  facts  cannot 
have  a  very  wide  chronological  range. 

The  accepted  divisions  of  the  Cephalopods  have  been  founded 
by  authors  wholly  upon  the  characteristics  of  the  adult.  The 
form  of  the  shell,  whether  straight  as  in  Orthoceras,  curved  as  in 
Cyiloceras,  coiled  up  with  open  whorls  as  in  Gyroceras,  or  with 
the  whorls  in  contact  as  in  Nautilus.  These  modifications  together 
with  the  outlines  of  the  aperture  and  other  minor  characteristics, 
have,  heretofore,  determined  the  group  to  which  any  given  shell 
was  referred. 

The  examination  of  the  young  of  all  the  closely  coiled  Nauti- 
loidea  shows  them  to  be  as  a  rule  uncoiled,  and  in  the  earliest 
stages  simply  arcuate  as  in  the  adults  of  the  group  of  the  Cyrto- 
ceratites,  and  having  a  scar  on  the  ap^x  which  represents  the  be- 
ginning of  the  stage  in  which  the  animal  commences  to  construct 
the  true  or  secondary  shell.  The  young  of  all  the  Ammonoids 
have,  on  the  contrary,  with  the  marked  exception  of  some  Palieo- 
zoic  species  and  some  varieties  of  species,  closely  coiled  whorls 
at  the  corresponding  stage  of  growth,  and  upon  the  apex  is  a  tiny 
bag  or  embryo  shell,  which  has  been  very  appropriately  called 
the  protoconch  by  Owen. 

In  my  Embryology  of  Cephalopods,  Bulletin  of  Museum  of 
Comparative  Zoology,  Cambridge,  No.  5,  Vol.  Ill,  the  position 
was  taken  that  the  scar  of  the  Nautiloidea  showed  that  a  protoconch 
had  existed  in  the  embryo  of  Nautilus,  but  had  disappeared  during 
the  growth  of  the  shell,  the  scar  being  uncovered  by  its  removal. 
This  supposition  was  endorsed  by  Prof.  Eichard  Owen,  but  re- 
jected by  Barrande,  who  insisted  that  the  general  absence  of  a 
protoconch  was  a  fatal  objection.  There  exists*,  however,  on  the 
apex  of  some  Orthoceratites,  an  excrescence  or  bulb  of  a  with- 
ered and  somewhat  irregular  and  variable  shape.  DeKoniuck,  in 
his  late  magnificent  work  upon  ''Calcaire  Carbonifere  de  Belgique," 
curiously  enough  cites  these  very  forms  as  the  principal  proofs 
against  my  conclusion  because  in  them  the  scar  is  absent.  Ac- 
cording to  my  examinations  and  drawings,  however,  the  scar 
ought  to  be  found  in  such  examples  underneath  the  bulb  of  the 
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apparently  complete  apex,  which  is  simply  the  withered  aod 
shrunken  remains  of  the  primitive  protoconch.  This  was  evi- 
dently originally  a  soft,  embryonic  shell  composed  of  conchiolin 
and  not  of  calcareous  matter  as  in  the  Ammonoidea.  I  have  seen 
and  figured  several  examples  in  which  a  bulb  was  present  on  the 
apex  and  no  scar  visible,  and  one  case  in  which  the  bulb  (proto- 
conch) had  evidently  been  broken  away  leaving  the  scar  visible 
below  surrounded  by  the  broken  edges  of  the  outermost  shell 
layer  which  formerly  connected  the  apex  with  and  covered  the 
protoconch.  The  external  layer  of  shell  and  its  longitudinal 
ridges  from  the  apex  up  on  to  the  so-called  plug  of  the  cicatrix 
described  by  Barrande,  have  also  been  traced  and  thus  eveiy  point 
in  the  evidence  appears  to  be  complete,  and  the  fact  that  the  bulb  is 
covered  b}-  a  true  protoconch  continuous  with  the  shell  of  the  apex 
seems  to  be  established. 

Space  is  wanting  to  discuss  the  question  of  the  convergence 
of  the  orders  of  Cephalopoda,  but  some  of  the  facts  will  be 
given  farther  on.  M.  Barrande's  strenuous  and  magnificent  op- 
position to  the  view  that  these  orders  did  converge  in  the  Palaeozoic 
rested  lai»gely  upon  the  supposed  differences  of  the  embrj-o  of 
Nautilus  and  Ammonites,  and  he  figured  several  of  the  species, 
which  carried  the  bulb  or  protoconch  and  described  them  as  hav- 
ing the  apex  plugged  or  filled  as  in  truncated  shells.  The  figures 
referred  to  are  in  Barrande's  Sj'st.  Sil.  de  la  Boh^me,  pi.  488,  case 
9,  11,  0.  elegans  and  0.  politum^  and  the  fact  that  the  external 
shell  is  continuous  may^  be  seen  in  specimens  of  0.  d'otalum  in 
Mus.  Geol.  Surv.,  Albany. 

The  classification  adopted  is  as  follows : 

CLASS  CEPHALOPODA. 
Sub-class  I,  Tetrabranchiata. 
Order  1,  Nautiloidea. 
"      2,  Ammonoidea. 

Sub-class  II,  Dibramchiata. 
Order  3,  Belemnoidea. 
"      4,  Sepioidea. 

These  four  ordere  converge  to  one  type  by  intermediate  forms, 
by  the  embryology  and  development  of  the  shells  and  internal  hard 

«  Since  this  paper  was  rea<l  figures  illustrating  some  of  these  facta  have  been  pub- 
lished iu  Scleaec,  Cambridge,  Mass.,  V,  3,  No.  52,  FelK  18S4. 
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parts,  by  their  morphology,  and  by  their  habits  which  may  be  inferred 
from  the  forms  of  the  apertures  and  build  of  the  shell.  Judging 
from  these  facts,  the  prototype  of  the  Mollusca  must  have  had  a 
globose  embryo  attached  to  the  apex,  the  apex  composed  of  a 
living  chamber  opening  into  the  protoconch  or  globose  shell  of 
the  embryo  without  septa,  though  possibly  divided  more  or  less 
by  diaphragms.  Diaphragms  precede  the  formation  of  the  septa 
in  the  embryo  Ammonoid  and  a  cone  formed  by  them  appended  to 
the  bottom  of  the  ccecum  was  figured  in  the  author's  Embryology 
of  Cephalopoda,  Bull.  M.  C.  Z.,  and  described  by  M.  Chalmas 
as  the  prosiphou.3  This  confirms  Von  Jheiing's  opinion  that  Ten- 
taculites  was  the  prototype  of  the  Cephalopoda,  since  it  has  similar 
embryo  and  diaphragms.  The  prototype  of  the  sub-classes  I  and 
II  must  have  been  a  form  of  the  same  type,  with  however  a  single 
septum  or  series  of  septa  having  closed  coeca  in  place  of  a  siphon. 
These  coeca  were  the  initial  stages  of  the  funnels,  parts  of  the  thick, 
hard  septa,  and  continuous  with  them  and  not  the  true  siphon 
or  in  any  way  inclosures  at  first  of  the  fleshy  walls  of  the  true  si- 
phon ;  they  were  directly  in  contact  with  the  outer  side  of  the 
apex  of  the  mantle  and  strictlj'  homologous  with  the  internal  par- 
titions found  in  many  Gasteropoda.  The  coeca,  becoming  pro- 
longed in  descendant  forms,  were  differentiated  into  the  funnels,  the 
remnants  of  the  coeca  and  the  thinner  walls  of  the  sheath  proper, 
connecting  them  were  formed  by  the  fleshy  siphon.  This  is  the 
condition  of  the  siphon  in  the  typical  forms  and  in  tubular  si- 
phoneil  Orthoceras,  but  in  some  aberrant  genera  the  fleshy  siphon 
widens  near  the  living  chamber  becoming  conical  and  forming  a 
sheath.  These  sheaths  lie  in  the  large  tube  formed  by  the  true 
funnels  and  may  deposit  permanent  diaphragms  as  in  Endoceras. 
The  fleshy  sheaths  formed  also  a  median  tube  connecting  the  apices 
of  the  sheaths  and  surrounded  by  a  layer  of  shell  which  is  shown 
in  Piloceras  in  a  structure  first  demonstrated  by  Dr.   Dawson. 

<  These  diaphragms,  as  (Igured  by  Che  author  in  the  work  cited  pi.  1,  f.  S,  4,  pi.  2,  f.  1, 
jr,  pi.  3,  f.  3,  fi-6,  arc  apparently  quite  distinct  A-oin  Mennicr  Chnlmafa'  figures  of  tlie 
prosiphon  which  as  drawn  in  Spirula  and  Ammonites  in  Fi8chei**s  ♦•Manuel  do  Concliy- 
liologio,*'  1861,  pp.  836, 371,  seems  to  l>e  a  distinct  connective  prolongation  from  the  bot- 
tom of  the  c<Bcum  across  the  vertical  section  of  the  protoconch.  Tliis  prosiphon  of 
Chalmns  was  not  observed  either  by  Dranco  or  the  autlior.  though  the  former  sought  it 
In  Spirilla  and  many  forms  of  Ammonitinte.  These  facts  suggest  that  the  diaphragms 
which  prece<led  the  formation  of  the  c<Bcum  were  variable  in  form  and  they  are  appar- 
ently  the  homologues  of  the  calcareous  plate  which  closes  the  cicatrix  in  Nautilus.  If 
this  be  tme  rhey  lose  the  value  attributed  to  them  by  Chalmas  and  Fischer  and  do  not 
Indicate  any  close  affinity  between  SpiruUi  and  the  Ammonoidea. 
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This,  the  endosiphon,  bad  the  same  thin  covering  as  the  sheaths 
themselves  or  secondary  diaphragms,  and  is  but  rarely  well  pre- 
served. The  sheaths  were  only  temporarily  formed  and  resorbed 
in  some  genera,  Sannionites,  better  known  as  Cameroceras,  and  in 
Piloceras  as  suggested  by  Dawson. 

The  true  Endoceras,  E,  proteiforme  Hall,  has  numerous  succes- 
sive sheaths  and  the  endosiphon  in  its  most  aberrant  condition, 
and  also  the  siphon  composed  onlj'  of  the  funnels.  Sannionites 
and  Piloceras  have,  as  a  rule,  but  one  perfect  sheath,  this  being 
appended  to  the  living  chamber ;  any  others  are  apt  to  be  imper- 
fect and  the  remnants  attached  to  the  endosiphon,  as  in  Daw8on*s 
figure  of  Piloceras,  Can.  Nat.,  V,  X,  No.  1,  p.  8,  f.  2. 

It  is  interesting  to  note  that  all  of  these  types  have  the  aspect 
of  having  been  indigenous.  They  are  so  numerous  in  all  the 
lower  formations,  Calciferous  and  so-called  Quebec,  and  in  the 
corresponding  rocks  in  northera  Europe  that  they  almost  exclude 
the  types  having  small  siphons,  thus  affording  the  strongest  contrast 
with  the  Bohemian  faunas,  and  presenting  a  more  ancient  aspect 
than  any  of  these,  a  fact  already  stated  by  Barrande.  The  endo- 
siphonate  and  transition  types  of  these  periods  have  a  common 
character,  already  noted  by  Billings  in  various  specific  descriptions 
and  evidently  understood  by  that  author,  though  not  as  strongly 
insisteil  upon  as  its  importance  deserved.  All  of  them,  including 
also  the  coiled  types,  have  the  septa  very  closely  set  or  what  would 
be  designated  as  crowded  together,  and  the  siphon  central  or  be- 
tween the  centre  and  the  ventrum,  with  the  exception  of  a  very  few- 
species.  Individuals  increase  the  distance  between  the  septa  by 
growth  up  to  the  adult  stage,  and  then  in  old  age  the  distance 
again  decreases.  This  peculiarity  is,  therefore,  important  and 
characterizes  the  radical  types  existing  in  the  more  ancient  forma- 
tions as  well  as  the  young  of  the  Nautiloids  in  general.  It  is  also 
to  be  noted  that  the  young  of  the  Nautilus  has  the  siphon  lai-ger 
than  in  subsequent  stages.  While  this  more  ancient  asi>ect  of  the 
faunas  in  North  America  is  true  of  the  formations  antedating  the 
Chazy  and  Trenton,  and  perhaps  including  the  Lower  Silurian  or 
Cambrian  as  a  whole,  it  is  not  true  of  subsequent  formations  or 
other  types  in  these  later  i>eriods.  The  Devonian  Cephalopoda, 
as  a  rule,  have  the  aspect  of  and  belong  largely  to  our  Spyi*oceran 
group  and  are  similar  to  the  Bohemian  Silurian  Nautiloidea  of  the 
same  series.    The  Goniatites  of  America  have  also  the  aspect  of 
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migrants  and  the  radical  Silurian  foims  abundant  in  Europe  are 
wanting.     The  group  of  Clymninaj  are  also  absent.* 

M.  Barrande  has  shown  that  all  the  different  types  of  tabular- 
siphoned  straight  cones  may  be  followed  by  means  of  transitional 
forms  into  the  large-siphoned,  or  Endocerati tic  and  Actinoceratitic 
genera,  and  in  other  directions  this  tubular  siphoned  group  may 
be  followed  into  the  nummuloidal-siphoned  gi-oups  of  straight 
forms.  All  of  these  have  been  divided  into  genera,  which  are 
described  in  the  twenty-second  volume  of  Proc.  Bost.  Soc.  Nat. 
Hist.,  but  these  do  not  interest  us  here.  It  is  necessary  merely 
to  restate  M.  Barrande's  facts,  and  also  to  note  the  central  position 
of  the  tubular-siphoned  or  typical  straight  cones.  They  connect, 
as  proved  by  Barrande,  in  other  directions,  notably  with  the  brevi- 
cone  forms.  From  these  last  any  one  may  trace  the  series,  which 
leads  through  the  brevicone  Cyrtoceratites,  described  by  Barrande, 
into  the  Gomphoceratidae,  in  which  the  lower  forms,  abundant  in 
this  country',  have  open  apertures  and  similar  siphons.  The  next 
membei*s  of  this  senes  are  the  so-called  Phragmoceratites  and 
others  with  much  contracted  apertures.  Gomphoceras  also  con- 
nects with  the  truncated  Mesosceras  of  Banande,  which  leads  into 
the  Ascoceratites. 

A  good  illustration  of  this  method  of  classification  is  shown  by 
the  frilled  shells,  which  are  a  singularly  homogeneous  group,  and 
about  which  the  evidence  is  quite  complete.  The  longicone 
straight  shells  have  a  genus  Dawsonoceras  composed  of  annu- 
lated  cones  which  have  a  distinct  frilled  la3'er  on  the  exterior. 
These  frills  at  intervals  stand  out  from  the  sides  showing  the 
marks  of  having  been  at  one  time  the  edges  of  apertures. 

The  Cyrt.  lamellostim  Hall,  Amer.  Mus.,  is  the  type  of  the 
arcuate  group  of  this  series  in  the  Silurian,  and  then  follows  a 
large  series  of  gyroceran  Devonian  forms  leading  into  naut.ilian 
shells,  also  in  the  Devonian,  Mns.  Geol.  Surv.,  Albany,  of  which 
the  type  is  the  Gyr.  undulatum  Hall. 

A  parallel  series  in  the  same  family  group  begins  in  the  Devo- 
nian, having  the  same  style  of  shell,  with  the  Cyrt.  Jason  Hall, 
and  may  be  followed  into  g3'roceran  forms.  In  this  scries  we 
have  enjoyed  the  criticism  and  assistance  of  Prof.  James  Hall, 
who  has  stated  somewhat  similar  facts  in  his  Natural  History  of 
New  York,  with  the  exception  of  the  connection  between  Cyrt. 

*  Have  recently  seen  a  specimen  from  Burlington,  Vt.,  that  may  prove  to  belong  to 
this  gronp. 
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lamellosum  and  the  Orthoceratites,  wbich  we  worked  out  when 
away  from  Albany. 

Another  fine  series  begins  with  Orth.  Archiaci  Barr.,  and  can  be 
traced  by  the  forms,  sutures,  and  position  of  siphon  through  LU, 
magnificum  Bill.,  of  the  Silurian,  and  then  into  a  true  nautilian 
shell,  the  Naut.  ponderoaum  White,  and  into  Naut.  bilobatum  Sow., 
and  Naut.  ferratum  Owen,  both  in  the  Carboniferous.  The  dorsal 
lobe  is  introduced  in  Naut.  ponderosum  and  in  the  succeeding 
forms  it  becomes  divided  by  the  reappearance  of  a  small,  median 
dorsal  saddle. 

In  these,  and  man3'  other  instances,  the  evidence  has  been 
accumulated  which  enables  us  to  show  that  the  genera,  Orthoceras, 
Cyrtoceras,  Gyroccras  and  Nautilus,  as  those  terms  are  now  ap- 
plied, are  in  reality  generalized  descriptive  terms  for  representa- 
tive forms  of  different  series,  which  resemble  each  other  in  form, 
but  are  distinct  structurally.  Each  series  can  be  distinguished  by 
its  own  differential,  structural  characteristics  and  by  the  form  of  the 
whorl  in  section,  but  each  one  springs  from  some  straight  or  arcu- 
ate form,  and  passes  through  a  parallel  series  of  transformations 
which  can  be  designated  by  the  terms  cyrtoceran,  gyroceran  and 
nautilian.  By  the  examination  of  these  series  we  have  learned 
to  distinguish  accurately  the  nautilian  forms,  as  those  having  an 
impressed  dorsal  zone  due  to  close  coiling,  and  in  this  impressed 
zone  a  dorsal  lobe  is  developed  sooner  or  later  in  the  sutures. 
This  distinction  enabled  us  to  point  out  the  extreme  rarity  of  true 
nautilian  forms  in  the  Silurian.  Most  of  those,  thus  named, 
though  closel}'  coiled,  have  a  gibbous  dorsum  and  dorsal  saddles 
in  the  sutures  and  arc  true  Gyroceratites  ;  for  example,  the  major 
number  of  the  species  described  by  Barrande  as  Nautilus,  and 
many  American  species,  come  into  the  gyroceran  category. 

Some  arcuate  forms  have  a  very  slight  dorsal  inflection,  and 
flattened  or  slightly  impressed  dorsum.  These  do  not  contradict 
but  confirm  our  evidence,  and  have  been  fully  considei*ed.  They 
are  either  degraded  descendants  of  true  nautilian  shells  which 
have  become  uncoiled  and  show  their  descent  in  their  closely 
coiled  young,  or  else  the  dorsal  lobe  can  be  traced  directly  to 
the  peculiar  conformation  and  the  excessive  arcuation  of  the 
whorl. 

If  we  turn  Ciom  the  series  of  adults  to  the  study  of  the  stages 
of  growth  in  individuals,  we  find  everywhere  a  similar  repetition  of 
the  arcuate,  gyroceran  and  nautilian  forms.      The  flrst  stage  in 
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any  nautilian  shell  is  a  Cyrtoceras,  the  next  is  Gyroceras,  and  the 
third  Nautilus;  and  almost  equally  invariably  the  development 
of  the  sutures  begins  with  a  dorsal  saddle,  and  is  followed  by  a 
dorsal  (internal)  lobe  after  the  impressed  zone  is  formed. 

After  the  expiration  of  the  Palseozoic,  shells  with  large  open 
umbilici  disappear  as  stated  by  Barrande,  and  this  statement,  as 
we  have  previously  argued  in  our  Embryology  of  Cephalopods, 
denotes  the  decreased  im|X)rtance  of  the  arcuate  and  gyroceran 
stages  in  the  young.  This  opening  in  the  umbilicus  we  have  called 
the  umbilical  perforation,  and  shown  that  it  was  an  important  dis- 
tinction. It  is  found  in  all  nautiloids  and  not  in  the  ammo- 
ncids  except  certain  ancient  larval  forms.  We  know  that  the 
straight  and  arcuate  cones  and  gyroceran  forms  have  also  in 
lai-ge  part  become  extinct,  or  are  dying  out  at  the  time  of  the 
Trias,  so  that  both  the  parent  forms  and  the  indications  of  imme- 
diate descent  from  them,  as  shown  in  the  development  of  indi- 
viduals, disappear  simultaneously. 

The  evidence,  therefore,  derived  from  the  study  of  development 
in  the  individual,  teaches  that  the  Mesozoic  forms  are  derived 
from  shells  which  have  been  in  themselves  close  coiled  or  nautil- 
ian forms.  This  is  carried  out  fully  by  the  facts  of  gradation  as 
they  subsequently  occur  in  time.  Thus  the  typical  NautilidjB  of 
the  Trias,  like  Cenoceras  (Naut.)  caroUnus  Mojsis.,  are  directly 
traceable  into  the  striated  and  smooth  shelled  truncated  forms  of 
the  same  period  and  of  the  Jura,  like  Naut.  tmncatum  Sow.,  and 
we  trace  the  latter  by  intermediate  shells  into  the  Radiati  group  of 
the  Cretaceous.  The  genus  Nautilus  did  not  begin  to  exist  until  the 
Jura  and  all  the  supposed  similarities,  which  have  led  to  the  sup- 
positions of  M.  Barrande  and  others,  that  it  is  a  genus  closely 
allied  with  silnrian  nautilian  shells,  are  errors  arising  from  incom- 
plete knowledge  of  the  structure  and  development.  Nowhere  in 
this  series  is  there  a  sign  of  immediate  derivation  fix>ra  a  cyrtoceran 
or  gyroceran  ancestor.  The  approximations  of  the  adults  are  close 
and  undeniable,  and  in  the  development  the  arcuate  stage  is  reduced 
to  smaller  proportions  and  occupies  less  time  in  the  development 
than  in  the  preceding  Palteozoic  series.  Exception  must  be  made 
in  favor  of  those  forms  in  the  Palieozoic,  which  crown  series, 
and  which  by  descent  have  gradually  acquired  small  umbilical  per- 
forations ;  but  these  are  by  no  means  numerous  and  are  serviceable 
to  our  hypothesis,  since  they  stand  out  prominently  as  exceptions 
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to  the  common  run  of  palflBozoic  forms.  A  curions  confirmation  of 
this  conclusion  was  found  by  the  author  in  studying  the  develop- 
ment in  time  of  the  inner  or  dorsal  lobe  of  the  sutures.  This  lobe  is, 
as  we  have  said  at  first,  in  most  Silurian  Cj'rtoceratites  and  Gy- 
roccratites,  and  in  the  young  of  the  nautilian  forms  pi-eceded  by  a 
saddle  or  forward  inflection  of  the  dorsal  sutures. 

In  Barrande's  Nautili  of  the  Silurian  there  are  some  with  dorsal 
lobe,  and  in  our  American  species  it  also  occurs  in  company  with 
the  impressed  zone,  but  in  none  of  these,  though  no  doubt  it  may 
occur  in  very  rare  examples,  have  we  found  the  slightest  indica- 
tion of  the  filmall  median,  dorsal  lobe,  which  we  have  called  the 
annular  lobe.  In  the  true  Nautilidae  of  the  Devonian,  like  I^eph- 
riticeras  (Naut.)  bticinum  Hall,  etc.,  the  dorsal  lobe  acquires  this 
addition  in  the  shape  of  a  median  depression  deepening  the  original 
shallow  outline  into  a  V-shape.  In  the  Triassic  and  Jurassic  forms 
the  edge  of  the  V-shaped  lobe  rises  anteriorly  and  has  a  distinct, 
internal  conical  depression,  the  cone  of  the  dorsal  part  of  the  se^v 
tum.  In  the  Radiati  the  adult  never  has  the  cone,  but  may  have 
the  lobe  in  the  sutures.  Nautilus,  in  the  adolescent  stage,  has  the 
cone  and  the  sutural  V-shaped  Iol)e  which  I  have  called  the  annular 
lobe,  but  the  cone  is  lost  by  growth,  and  the  annular  lobe  alone  is 
retained  in  the  adult.  In  the  Jura  some  adults  may  retain  the 
cone,  but  most  lose  it  as  in  Nautilus.  In  the  Triassic  forms  all 
seem  to  have  the  cone  until  a  late  stage,  and  some  certainly  in  the 
adults.  The  annular  lobe  also  changes  its  form  in  the  Jurassic 
species  from  V-shaped  as  in  the  Palaeozoic  to  U-shaped  as  in 
modern  Nautilus. 

In  other  series  of  shells  with  distinct  origins  which  may  be 
traced  in  some  series  even  more  accurately  and  satisfactorily  than 
in  the  above,  a  similar  succession  of  phenomena  has  been  ob- 
served. Nautilian  shells  in  the  paheozoic,  until  the  close  of  the 
carboniferous,  are  generally  traceable  to  cyrtoceran  forms  having 
similar  characteristics  of  form,  position  of  siphon,  sutures,  and 
aspect  of  surface ;  and  by  inference  from  these  to  Orthoceratites 
of  different  types. 

The  picture  which  this  presents  is  somewhat  startling  at  first, 
but  we  feel  sure  that  after  an  examination  of  the  facts  naturalists 
will  at  any  rate  be  disposed  to  respect  our  conclusion,  that  types 
among  Cei)halopoda,  and  in  other  branches  of  the  animal  king- 
dom,  became  more  quickly  changed  in  the  earlier  stages  of  their 
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evolution  than  subsequently,  and  that  this  quicker  evolution  gave 
the  aspect  of  sudden  creations  to  these  earlier  forms  as  they 
appeared  in  the  palaeozoic  and  a  distinct  character  to  the  pal- 
aeozoic age  as  compared  with  subsequent  ages.  For  example, 
the  highest  type  of  Nautiloidea  is  Subclymenia,  a  species  with 
ventral  V-shaped  lobe  and  ventral  siphon,  so  like  Goniatites, 
that  it  can  be  separated  onl}'  by  its  young  and  the  gradations  of 
forms  which  connect  it  with  certain  well-known  Nautiloids.  This 
springs  up  suddenly  a  species  by  itself  in  the  Carboniferous,  in 
a  group  which,  altogether,  are  only  of  family  importance  and  are 
directly  traceable  to  arcuate  forms.  Many  cases  like  this  could 
be  cited,  notably  M.  Barrande's  Celasceras  (Gon.)  prcBmaturum^ 
which  is  a  highly  complicated  goniatite  appearing  before  its  proper 
time  in  an  evolutionary  sense,  and  cited  by  M.  Barrande  as  a  sig- 
niflcant  fact  against  any  hypothesis  of  progression  in  time.  An 
allied  species  has  the  adolescent  stages  like  the  adults  of  the  Naut- 
ilini  until  nearly  full  grown,  and  then  the  sutures  become  suddenly 
complicated.     This  is  the  well  known  Gon,  hybridua  Munst.^ 

If  any  of  these  types  occurred  without  their  congeners  in  the 
earliest  Cambrian  we  should  have  a  similar  picture  to  that  pre- 
sented by  the  Ammonoidea  of  these  formations.  These  in  a  few 
cases  present  young  which  have  the  straight  orthoceratitic  char- 
acter ;  these  few  cases  are  purely  varietal  and  in  the  same  species, 
as  shown  by  M.  Barrande,  we  may  have  the  young  with  a  straight 
apex  or  closely  coiled.  Sandberger  and  the  author  have  added  to 
this,  instances  of  varieties  of  other  species  which  are  loosely  coiled 
or  gyroceran  in  form  in  the  Devonian  and  in  the  Carboniferous,  but 
so  rare  that  Branco  was  unable  to  find  a  case,  though  he  examined 
many  embrj'os  in  this  period.  After  the  Carboniferous,  as  shown 
by  Branco  and  the  author,  all  Ammonoids  are  close  coiled  (unless 
it  is  found  that  the  extreme  degraded  form  of  Baculites  in  some 
cases  becomes  straightened  out  again,  a  not  improbable  anticipa- 
tion). 

The  evidence  of  the  young  of  Agoniatites  (Gon,)  fecundus  Barr., 
shows  therefore,  that  the  Ammonoidea  had  a  pre-palseozoic  history 
of  quick  development  from  straight  Orthoceratitic  forms  similar  to 
that  of  the  Subclymenia  and  some  other  forms  of  Nautiloids. 
This  like  the  Centroceras  (Discites)  Marcellense  of  Hall  had  ventral 

*  We  are  inrormed  by  Prof.  Zittel  that  Manster's  flgare  of  this  species  is  erroneous 
and  that  this  comparison  cannot  be  made. 
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lobes  and  ventral  siphons  which  have  led  many  naturalists  into 
the  mistake  of  considering  them  as  protot3'pes  of  Goniatites  or  else 
true  Goniatites.  In  the  Cambrian,  the  Ammonoidea  had  already 
attained  a  stage  of  evolution  which  was  not  reached  by  the  Nauti- 
loidea  until  after  the  expiration  of  the  Palaeozoic. 

Tliere  are  sufficient  remnants  of  the  earlier  transition  foi-ms 
left  in  the  Silurian  to  demonstrate  the  former  connection  of  the 
Ammonoids  and  tlie  Nautiloids.  There  is  one  group  of  slender 
whorled  forms  like  Bactrites  (Orth.)  pleurotomum  Barr.,  Sj'st.  SiK, 
pi.  296,  and  others  on  pi.  297,  which  by  their  striae  of  growth, 
their  long  funnels  and  the  positions  of  the  siphon  which  varies 
from  the  centre  to  near  the  vcntrum,  show  close  affinities  with 
topical  Bactrites.  This  last  has  sutures  which  in  some  cases  are 
deeply  arcuate  and  have  both  dorsal  and  ventral  saddles,  with  lat- 
erally compressed  elliptical  whorls.  This  same  fonn  is  repeated 
in  the  coiled  whorls  of  Mimoceras  (Gon.)  ambigena  Barr.,  and  com- 
pr&i^s  Beyr.,  in  both  of  which  also  the  whorls,  though  often  touch- 
ing, are  truly  gyroceran.  Thej'  have  no  impressed  dorsal  zone,  and 
the  sutures  are  precisely  similar  to  the  arcuate  sutures  of  Bac- 
trites. Mimoceras  is  not  in  any  sense  a  true  Ammonoid,  except 
in  the  embryo,  which  has  the  protoconch  as  in  that  order.  It  is 
evident,  therefore,  that  these  Goniatites  were  not  derived  from 
Bactrites  in  the  Silurian.  The  same  form  of  protoconch  may  be 
found  in  Bactrites,  but,  so  far  as  known,  Bactrites  is  a  true  Nau- 
tiloid  in  its  earliest  stage  and  sheds  the  protoconch.  The  facts 
then  are  only  sufficient  to  identify  them  as  the  remnants  of  transi- 
tional series  which  were  once  united  in  some  slender  form  of  tubu- 
lar siphoned  straight  cones  existing  before  the  Cambrian. 

The  Goniatites  mentioned  lead  directly  into  the  true  Nautilian 
forms  of  the  Nautilinidae  whose  transitions  into  the  true  Gonia- 
tites of  the  Devonian  are  by  insensible  gradations.  Interesting 
as  these  are,  we  have  no  space  for  their  consideration ;  we  have 
given  them  in  the  Proc.  Bost.  Soc.  Nat.  Hist.,  v,  22,  p.  303.  This 
evidence  is,  however,  sufficient  to  justify  us  in  attributing  the  ori- 
gin of  the  Goniatites  to  a  series  which  began  with  a  straight  form 
and  passed  through  in  its  evolution  the  arcuate,  gyroceran  and  fi- 
nally aiTived  at  the  nautilian  stage.  The  Ammonoidea  in  the  Cam- 
brian are  like  the  Nautiloidea  in  the  Trias  after  the  expiration  of 
the  Palfleozoic  and  like  them  possess,  with  the  exception  of  the 
few  forms  mentioned,  exclusively  nautilian  shells.    These  shells 
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also  as  we  have  stated  being  very  close  coiled  |vith  an  impressed 
dorsum  and  dorsal  lobe  and  possessing  a  slight  depression  on  either 
side  of  the  protoconch  which  is  a  remnant  of  the  umbilical  perfor- 
ation. In  this  respect  they  are  even  more  highl}^  differentiated 
than  the  Nautiloidea  of  the  Trias.  The  annular  lobe  also  api>ears, 
first  only  in  Agoniatites  tabuloides  sp.  Barr.  of  the  Silurian  and 
becomes  general  only  in  Devonian  forms.  Thus  the  type  of  the 
Ammonoidea  shows  decisive  gx*adations  in  differentiation  of  im- 
portant structural  characteristics  and  forms  a  single  series  parallel 
to  one  of  the  series  of  the  Nautiloidea  and  therefore  must  have 
evolved  with  great  comparative  rapidity. 

Instead  of  many  series  springing  off  on  all  sides  from  a  com- 
mon type  as  do  the  families  of  the  Nautiloidea  from  Orthoceras, 
there  seems  to  have  been  but  one  evolving  directly  from  Orthoceras 
which  develops  similar  forms  and  structures,  but  these  becoming 
at  once  the  radicals  of  still  higher  differentiations  without  passing 
through  the  preparatory  stages  which  endure  throughout  the  Palae- 
ozoic among  Nautiloids.  Pathological  and  uncoiled  forms  occur 
in  limited  localities  in  later  formations  up  to  the  end  of  the  Jura 
and  then  the  whole  type  retrogrades.  As  shown  by  Neumayer  the 
normal  forms  have  simpler  sutures  and  the  uncoiled  types  also  be- 
come more  numerous  and  general  and  the  whole  type  ceases  with 
the  termination  of  the  Cretaceous. 

During  the  Palaeozoic,  the  Ammonoidea  present  an  intermediate 
character  in  their  mode  of  evolution.  The  types  produced  all 
have  nautilian  shells,  but  the  genera  are  distinguished  from  each 
other  by  essential  differences  of  the  internal  organs  and  sutures, 
and  some  groups  like  the  Clymeninffi  present  wi  Je  departures  from 
the  normal  outlines  of  the  sutures,  and  the  siphon  itself  in  the 
last  is  displaced,  being  near  the  dorsum  instead  of  ventral,  as  in 
all  other  Ammonoids.  That  Clymenia  is  an  Ammonoid  is  now 
unquestionable,  Branco  having  shown  that  the  young  were  am- 
monoidal,  and  the  author  having  confirmed  this  easily  verifiable  fact. 

In  the  Trias  such  essential  and  wide  structural  differences  begin 
to  disappear  and  in  the  Jurassic  we  are  presented  with  an  almost  ho- 
mogeneous group  which  naturalists,  until  a  very  late  date,  have  in- 
sisted upon  including  in  one  genus.  This  error  is  now,  however, 
being  widely  corrected,  but  the  differences  of  generic  importance  are 
not  each  decisive  structural  distinctions  as  are  observed  between 
genera  of  Palaeozoic  Goniatites.     The  sutures  are  much  more 
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homogeneous  in  Jurassic  forms,  and  we  have  to  rely  to  a  great  ex- 
tent upon  the  ornamentation  of  the  wliorls  and  the  less  important 
differences  shown  by  the  digitations  of  the  sutures,  etc. 

Both  the  Belemnoidea  and  Sepioidea  confirm  these  conclusions, 
the  facts  pointing  in  each  of  these  to  an  independent  derivation  from 
distinct  types  of  Orthoceratites,  the  former  from  the  true  Orthoceras, 
and  the  latter  from  the  flattened  forms  of  which  Gonioceras  is  the 
nearest  in  aflSnity  now  known. 

The  truncated  shells  of  Orthoceras  have  been  described  by  Bar- 
rande ;  and  the  plug  which  fills  up  and  rounds  off  the  broken  apex, 
accounted  for  as  an  external  product  due  probably  to  the  action 
of  two  arms  which  he  supposed  stretched  out  posteriorly  from  the 
aperture  as  in  Argonauta  and  embracing  the  whole  shell  and  ex- 
tending even  beyond  the  broken  end  filled  it  up  by  successive 
deposits  of  carbonate  of  lime.  We  have  also  studied  this  struct- 
ure and  can  confirm  M.  Barrande's  observation,  and  the  conclu- 
sion that  the  plug  is  an  external  product  with  a  peculiar  bilateral 
structure,  but  that  it  was  deposited  by  two  arms  extending  back- 
wards we  do  not  regard  as  probable.  The  markings  indicate  that 
at  the  truncated  apex  the  layers  were  laid  on  by  an  organ  which 
was  certainly  double  at  the  end,  but  not  necessarily  double  all  the 
way  up  to  the  aperture.  The  body  of  the  whorl  in  Orthoceras 
does  not  have  any  prolonorations  of  the  ventral  and  dorsal  furrows 
of  the  plug,  nor  are  there  any  longitudinal  rows  of  spines  or  fur- 
rows, as  in  Argonauta,  indicating  the  presence  of  two  arms,  cap- 
able of  secreting  shells,  nor  does  the  aperture  with  its  entire  outline 
give  strong  support  to  this  proposition. 

We  think  it  is  possible  to  strike  nearer  home  in  homology  ;  the 
fold  of  the  mantle  in  Nautilus  satisfies  the  conditions.  This  is  an 
active  shell-secreting  organ,  which  was  certainly  present  and  also 
functionally  active  in  the  Ammonoidea  and  Nautiloids,  and  pro- 
bably more  important  in  these  ancient  forms  than  it  is  now  in  the 
modern  Nautilus.  This  is  also  more  consistent  with  the  explana- 
tion of  the  structure  of  the  Belemnoid,  which,  as  is  easily  seen 
in  the  famous  examples  of  the  preserved  animal,  had  no  such  pair 
of  enlarged  arms,  and  yet  deposited  externally  a  solid  covering, 
the  guard,  which  is  in  our  opinion  the  homologue  of  the  solid  filling 
of  the  truncated  end  of  Orthoceras.  Branco  in  his  admirable  paper 
on  the  structure  of  the  curious  Triassio  Belemnoid,  Aulacoceras, 
shows  that  the  secreting  organ  of  the  guard  must  have  been  open 
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and  proves  it  by  his  drawings  of  masses  of  foreign  matter  included 
in  tlie  layers  of  the  gnard.  This  and  the  channel  which  runs  along 
the  ventral  side  in  the  guard  and  is  often  single,  and  generally 
more  persistent  and  longer  than  the  dorsal  channel  favor  this  view 
of  the  homologies.  Quenstedt  and  Von  Jhering  have  both  traced 
the  Belcmnoids  to  Orthoceras,  and  this  opinion  supports  their  views 
and  accounts  for  the  preservation  of  the  protoconch,  both  as 
a  useful  organ  containing  the  siphonal  coBcum  in  its  neck  and 
because  of  the  protective  guard  built  up  around  it  at  an  early 
stage  of  growth.  The  tracing  of  Belemnoidea  bacit  to  Orthoce- 
ras accounts  for  the  dorsal  and  ventral  channels,  both  of  which 
are  present  in  the  plug  of  the  truncated  Orthoceras.  It  also  per- 
mits us  to  explain  the  central  hollow  trace  or  tube  in  the  guard  of 
the  Belemnoid,  as  the  homologue  of  a  similar  hollow  trace  or 
tube,  the  pseudo  siphuncle  which  invariably  occupies  the  centre  of 
the  plug  in  truncated  Orthoceratites,  and  has  not  been  heretofore 
accounted  for.  The  Belemnoids  are  nearer  to  the  Nautiloids 
in  the  Trias  than  any  of  the  later  periods,  since  Aulacoceras  is  in 
some  measure  an  intermediate  type  with  a  less  perfect  guard  than 
that  of  the  typical  Belemnoids  so  abundant  in  later  formations. 
The  Sepioids  are  usually  joined  with  the  Belemnoids,  as  a  closely 
approximated  type,  and  this  conclusion  is  earned  out  in  a  very  gen- 
eral wa}'  by  geological  evidences.  There  is  a  well  defined  palaeo- 
zoic group  of  Orthoceratites,  in  which  the  transverse  section  of 
the  whorl  is  fusiform,  Eudoceras  of  Hall ;  these  grade  into  Goni- 
oceras,  a  flattened  shell  with  wide  acute,  lateral  expansions  like 
those  of  the  shell  in  fossil  Sepioids.  One  example  in  Professor 
Hall's  collection  is  so  remarkably  similar  to  the  dorsum  of  the 
common  Sepia  shell  in  shape  and  lines  of  growth,  that  it  would 
have  certainly  misled  the  author,  if  the  dorsal  aspect  alone  had 
been  visible.  The  sutures  luckily  prevented  this  mistake,  but 
even  they  have  a  peculiar  curvature  not  found  in  any  type  of  Nau- 
tiloid,  and  yet  agreeing  remotely  with  the  equally  peculiar  curva- 
ture of  the  layers  of  the  internal  filling,  of  calcareous,  spongy 
matter,  which  is  a  notable  characteristic  of  the  Sepia  shell.  If 
these  are  transformed  homologues  of  the  septa,  and  we  think  they 
are,  there  is  reason  for  associating  the  Sepioidea  and  Goniocerati- 
die,  just  as  we  above  associated  the  truncated  Orthoceratites  and 
the  Belemnoidea,  though  the  series  is  by  no  means  as  perfect. 
The  Sepioidea  are,  however,  h  more  highly  concentrated  type 
▲.  ▲.▲.&.,  VOL.  xxxn.  22 
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rapidly  parting  with  the  adult  ancestral  characteristics,  and  also 
the  protoconch ;  reducing  the  shell  on  the  ventrum  to  a  narrow 
band  and  altering  the  septa  to  a  series  of  continuous  deposits, 
and  finally  in  the  existing  Loliginae,  fusing  the  primitive  shell- 
gland  and  shell-sac,  and  in  the  Octopods  the  shell  finally  altogether 
disappears. 

Whatever  is  the  fate  of  this  opinion,  the  Sepioids  do  not  di- 
rectly approximate  to  the  Belemnoids  in  past  times,  but  are  dis- 
tinct and  originated  from  the  Orthoceratites.  The  absence  of 
the  external  shell  or  protoconch  in  the  young  of  the  existing 
Sepioids  and  Octopods  and  the  generation  and  final  destruction 
first  of  the  septa  and  then  of  the  shell  can  be  accounted  for  as  dae 
to  their  great  differences  of  habitat  and  to  the  action  of  the  law 
of  concentration  iu  their  development. 

This  position  is  also  supported  by  Lankester's  observations  on 
the  embryology  of  the  Sepioidea,  in  which  the  pen  sack  of  the 
mantle  in  Loligo  is  accounted  for  as  a  secondary  formation  and 
not  the  primitive  shell-gland,  but  is  nevertheless  supposed  by  him 
to  have  become  confluent  with  the  true  shell-gland.  The  remark- 
able embryological  insight  which  promptetl  his  view  and  led  him 
to  refer  to  the  sac  as  probably  due  to  the  transformations  occur- 
ring in  the  Belemnite,  is  exactly  fulfilled  by  Aulacoceras,  and  sus- 
tains this  hypothesis.  Thus  when  we  meet  with  an  internal  shell  in 
the  animals  of  the  group  Sepioidca,  we  must  imagine  the  shell  as 
still  enclosed  in  the  hood,  although  the  edges  of  the  once  opened 
sac  formed  by  the  hood  have  become  permanently  united.  Fusion 
with  the  primitive  shell-gland  would  follow  naturally  the  inclusion 
of  the  shell  of  Aulacoceras  and  Belemnites  in  a  flap  or  hood-like 
prolongation  of  the  mantle  forming  a  pen-sac.  The  union  of  this 
sac  with  the  primitive  shell-gland  is  a  natural  sequence,  which  fol- 
lows from  the  law  of  concentration  in  development  as  soon  as  the 
inheritance  of  the  shell-sac  and  its  tendency  to  close  became  fixed  in 
the  adult  structure  and  inheritable  by  the  embryo  of  Sepioidea. 

Jf  this  be  true,  all  the  types  of  the  Cephalopoda  probably  origi- 
nated in  the  Palaeozoic,  and  our  conclusions  accord  with  those  of 
Barrande  among  various  tj'pes  of  invertebrates,  and  other  authors, 
notably  Alexander  Agassiz  among  Echinoderms.  In  fact  the 
vertebrata  alone  present  several  distinct  types,  possibly  of  Meso- 
zoic  origin,  and  these  are  by  no  means  certainly  cJf  that  date  in  all 
casesi  and  there  ai-e  only  comparatively  few  types  of  the  inverte* 
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brata  which  cannot  be  easily  proved  to  have  originated  in  or  be- 
fore that  age.  The  tendency  of  modern  disco verj'^  has  been  to 
carry  back  the  origin  of  types  to  more  and  more  ancient  dates. 
Thus  we  find  Cope  claiming  among  his  remarkable  Dyassic  (Per- 
mian) reptiles  that  the  Theromorpha  are  not  only  the  radicals 
of  the  Reptilia  but  also  combine  characteristics  of  the  Batrachia 
and  Mammalia,  especially  the  Monotremata,  and  finally  that  the 
TertebrsB  are  amphicoelian  and  distinctly  notochordal. 

The  palffiozoic,  therefore,  presents  itself  to  us  as  essentiall}'  the 
birthplace  of  types,  and  at  the  same  time  as  the  age  during 
which  great  structural  differences  originated  with  a  rapidity 
equalled  but  rarely  in  later  times. 

The  pre-palaeozoic  is  unknown,  but  the  inference  holds  for  this 
age  also,  and  there  is  great  probability,  that  in  this  period  the 
evolution  of  forms  was  proportionally  quicker.  This  view  is  not 
affected  by  the  theory  of  the  alternation  of  continents  in  order  to 
account  for  the  accumulation  of  sediments,  and  provide  homes  for 
the  evolution  of  types  before  they  make  their  appearance  in  the 
known  formations  of  this  or  other  continents.  It  is  simply  as  we 
have  tried  to  show  an  inference  drawn  from  the  positive  data  of 
the  series  studied,  and  consequently  applies  to  the  phenomena 
of  evolution  in  every  location. 

In  the  Cambrian,  as  is  now  well  known  through  the  labors  of 
several  palfleontologists,  the  advent  of  types  is  sudden,  and  they 
are  in  themselves  numerous,  but  in  our  experience  the  same  law 
holds  for  succeeding  periods.  If  we  select  the  formations  in 
which  forms  appear,  we  usually  find  them  spreading  out  with 
wonderful  rapidity,  sometimes  without  any  apparent  precursors, 
and  sometimes  with  radical  forms  immediately  preceding  their 
appearance.  Our  impression  derived  from  the  minuter  study  of 
series  among  Cephalopoda  is  not  that  the  evolution  of  groups  was 
slow,  but  on  the  contrary  excessively  rapid,  and  that  the  groups, 
if  presented  graphically,  would  form  fan-shaped  figures  instead  of 
long  branches. 

A  notable  and  well  known  example  is  the  descent  of  the  larger 
number  of  the  Liassic  Ammonites,  the  Arietidae  from  Psiloceras 
planorbiSi  a  fact  established  by  the  observations  of  Quenstedt  and 
confirmed  by  the  subsequent  experience  of  several  authors  and  the 
special  investigations  of  the  writer.  The  family  radical  is  here 
one  species  closely  approximate  in  time  to  the  family  itself,  which 
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is  composed  of  several  distinct  genera  and  different  series  of  more 
complicated  forms.  These  must  have  spread  out  with  great  ra- 
pidity in  the  successive  faunas  of  the  Lower  Lias.  The  same  is 
true  of  the  larger  number  of  all  groups. 

The  inference,  therefore,  is,  that  types  near  their  point  of  ori- 
gin are  more  plastic  and  more  easily  changed  by  the  forces  acting 
upon  their  generalized  structures. 

If  we  adopt  the  hypothesis  that  habits  forced  upon  the  animal 
by  the  habitat  are  the  principal  means  of  modification,  and  lay 
aside  the  teleological  notion  that  every  change  must  in  some  sense 
be  an  advantageous  difference  requiring  long  periods  of  time  for 
the  action  of  natural  selection,  the  law  of  battle  and  the  survival 
of  the  strongest,  etc.,  we  can  understand  the  origin  of  the  orders 
of  Cephalopoda  and  the  curious  phenomenon  of  the  quick  evolution 
of  their  successive  forms. 

Thus  the  Tetrabranchiata  are  crawlers  and  leapers,  and  but 
rarely  swimmers.  Their  shells  show  this  in  the  forms  of  the  ap- 
ertures  and  outlines  of  their  whorls.  The  ventral  sinus  in  the 
aperture,  when  large,  indicates  that  the  animal  possessed  a  well- 
developed  ambulatory  organ,  the  so-called  fleshy  siphon  or  funnel 
of  recent  Nautilus  and  of  the  Sepioidea.  When  this  is  moderately 
developed  and  the  aperture  open,  we  can  be  quite  sure  that  the 
animal  was  furnished  with  powerful  arms  for  suppoi*ting  the  shell, 
and  was  a  crawler  mainly.  Such  were  the  straight  shells  with- 
out exception,  and  most  of  the  Cyrtoceran  forms,  the  young  of 
the  Nautiloids  with  coiled  shells,  and  the  open  apertured  adults 
of  the  same :  that  is,  by  far  the  larger  number  of  all  the  Nauti- 
loidea. 

When  the  aperture  was  contracted  so  as  to  present  nnusual  de- 
velopment of  the  ventral  sinus  through  which  the  ambulatory 
tube  was  extruded  and  a  narrow  aperture  across  the  centre,  but 
at  the  same  time  a  broad  opening  for  the  extension  of  dorsal 
arms,  the  inference  is  quite  reasonable  that  we  have  to  deal  with 
the  remains  of  a  powerful  swimmer,  and  that  the  animal  was  per- 
haps capable  of  crawling,  but  certainly  not  so  well  fitted  to  hold 
the  shell  in  an  upright  position  as  the  open  apertured  types.  The 
Gomphoceratites  and  Phraraoceratites  have  this  description  of 
aperture,  the  T-shaped. 

When,  as  in  Mesoceras  and  our  American  BilUngsites,  the  aper- 
ture is  contracted  abdomino-dorsally,  and  elongated  transversely, 
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forming  a  damb-bell-like  outline,  and  all  traces  of  the  ventral  sinus 
have  disappeared  and  the  shells  are  habitually  truncated,  we  should 
infer  that  the  animal  must  have  been  some  sort  of  a  climber  or 
dinger,  perhaps  to  tlie  stems  of  plants,  or  other  animals,  but  could 
not  have  been  a  ready  crawler  or  a  good  swimmer. 

Among  the  Ammonoidea  we  find  also  a  variety  of  apertural 
modifications,  which  are  interesting,  but  for  the  most  part  these 
were  open  apertured.  Many  of  the  Goniatites  of  the  Palaeozoic 
possessed  the  ventral  sinus  large,  and  strise  of  growth  similar  in 
curvature  to  the  Nautiloids,  showing  them  to  have  had  similar 
habits,  but  in  the  Ammonitinas  of  the  Mesozoic  we  find  a  signifi- 
cant change.  The  rostrum  appears,  and  the  siphon  as  an  ambu- 
latory organ  must  have  almost  wholly  disappeared,  leading  us, 
almost,  to  the  unavoidable  conclusion  that  they  were  more  con- 
fined to  a  crawling  littoral  life  than  any  of  their  ancesti'al  Palaeo- 
zoic forms. 

Finally,  in  the  shepherd's  crook  of  the  living  chamber  of  the 
Cretaceous  Ancyloceras,  one  of  the  degraded  foi-ms  above  alluded 
to,  we  find  an  aperture  turned  in  upon  itself,  having  no  signs  of 
any  ambulatory  powers  whatever  ;  in  fact,  we  can  imagine  no  way 
in  which  this  creature  could  have  progressed  with  comfortable 
celerity.  We  can  only  imagine  it  as  stationaiy,  either  as  buried 
with  the  coiled  end  in  the  mud  and  cleaning  the  sun*ounding  space 
for  a  living,  or  else  hanging  among  plants  with  the  mouth  upwards 
and  catching  what  was  brought  by  the  current  within  reach. 

A  curious  verification  of  these  views  exists  in  Argonauta,  one  of 
the  naked  Octopods.  The  egg  case  of  the  female  is  not  a  true  shell, 
t.  6.,  it  does  not  arise  at  the  start  in  a  shell-gland,  but  is  a  second- 
ary product  of  the  arms  and  mantle.  Nevertheless,  it  occupies  the 
position  and  has  the  same  relations  to  the  body  as  the  true  shell 
of  Nautilus,  and  is  a  hard  unyielding  case  composed  of  layers  of 
calcareous  matter,  and  the  opinions  we  have  advanced  above  would 
certainly  be  seriously  shaken  if  it  did  not  resemble  the  shell  of 
Nautilus.  It  belongs  to  an  animal  having  a  large  ambulatory  tube 
and  a  good  swimmer,  and  it  has  consequentlj'  exactly  the  struc- 
ture that  we  should  expect  under  these  circumstances.  The  form 
is  similar  to  Nautilus  and  Goniatites,  having  a  large  ventral  sinus 
and  striae  of  growth  with  similar  curvature,  but  the  microscopical 
structure  perfectly  distinct  and  indicative  of  its  independent  origin. 

The  guard  of  the  Bclemnoidea,  which  we  regard  as  the  further 
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development  of  the  plug  of  the  Orthoceras,  is  a  weighty  solid  bar 
and  in  a  cylindrical  body,  such  as  these  animals  are  known  to  have 
had,  could  not  have  aided  them  in  floating.  That  it  could  have, 
as  supposed  by  some  palaeontologists,  been  of  use  like  the  pen 
of  Loligo,  as  a  sort  of  spring  in  the  back,  to  help  them  sustain 
the  frequent  shocks  against  solid  objects  in  their  backward  leaps, 
is  highly  improbable.  Nature  never  takes  the  equivalent  of  a  stifif 
iron  bar  for  such  uses,  unless  it  is  external,  and  there  is  a  pro- 
tective cushion  of  flesh  next  the  animal.  The  only  inference  here 
seems  to  be,  that  the  animal  of  the  Belemnoidea  was  a  gi-ound 
swimmer  and  leaper,  and  the  guard  was  used  to  keep  it  on  the 
bottom,  or  else  as  an  aid  to  bore  into  the  mud,  or  for  some  similar 
purposes. 

The  ground  habitat  is  intermediate  in  character  between  the  sur- 
face swimming  habitat  of  the  Sepioidea,  and  the  crawling  habitat  of 
the  Orthoceras.  According  to  our  hypothesis  the  structure  of 
Belemnoids  also  should  be  intermediate  between  these  two  t^^pes. 
It  follows  also  that  this  intermediate  structure  might  occur  inde- 
pendently in  the  Belemnoidea,  and  that  they  were  not,  as  their 
structure  seems  to  imply,  transition  types  between  the  Sepioids  and 
Orthoceras.  All  palseontologists  have  noticed  the  i-etention  of  the 
shell,  which,  though  internal,  still  resembles  closely  that  of  Ortho- 
ceras, and  this  alone  is  suflScient,  even  if  it  is  not  admitted  that 
the  guard  is  the  homologueof  the  plug  in  Orthoceras,  to  prove  our 
statement,  and  separate  them  from  the  Sepioidea.  Spirulirostra 
of  the  Tertiary  in  which  the  guard  is  much  reduced  was  probably 
a  free  swimmer  and  Spirula  in  which  the  guard  was  wholly  lost 
appears  from  the  disk  on  the  end  of  the  mantle  to  have  been,  as 
first  stated  by  Rumphius,  an  animal  capable  of  attaching  itself  either 
to  floating  objects  or  other  animals. 

The  Sepioidea  are,  for  the  most  part,  expert  swimmers,  and  the 
loss  of  the  shell  by  the  later  forms  occurs  in  accoixiance  with  this 
hypothesis.  It  first  becomes  an  open  shell,  with  only  the  dorsal  side 
preserved  in  the  adults,  at  the  same  time  the  siphon  being  lost, 
and  the  septa  changing  into  a  light  porous  mass  in  the  interior; 
and  lastly,  in  the  Octopods,  it  is  wholly  lost. 

Characteristics  are  divisible,  according  to  our  observations,  into 
two  categories,  which  have,  heretofore,  except  by  a  few  writers, 
not  been  separated.  They  are  however  widely  sepai'ated  in  their 
history,  in  the  same  or  diflerent  types. 
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We  have  already  alluded  to  the  independent  production  of  the 
arcuate,  gyi-oceran  and  nautilian  forms  and  of  the  dorsal,  annular 
and  ventral  lobes,  and  ventral  siphon  in  several  types  of  Nautil- 
oids,  and  in  the  earlier  Ammonoids.  We  have  now  to  call  at- 
tention to  the  fact  that  in  each  case  these  peculiarities  could  not 
have  been  inherited  from  the  radical  type  Orthoceras,  since  they 
do  not  exist  actually  in  this  form  any  more  than  the  adult  bird 
or  mammal  exists  in  the  cell  which  becomes  an  egg,  or  the  egg  which 
becomes  an  adult  by  growth.  The  transformations  presented  by 
each  distinct  series,  however,  are  precisely  parallel  and  possess  the 
same  asi>ect  of  inevitable  sequence  which  is  observable  in  the  de- 
velopment of  eggs  into  adults  of  the  same  species.  Thus  in  the 
Dantilian  shells  of  the  Mesozoic,  whether  Nautiloids  or  Ammo- 
noids, if  we  study  the  smaller  familiea  and  divisions  within  each 
order,  we  can  show  definitely  that  the  lower  or  radical  ancestral 
shells  are  almost  invariably  discoidal  and  that  they  become  pro- 
gressively more  and  more  involute  in  the  progressive  series. 

These  facts  and  those  previously  noted  with  regard  to  the  devel- 
opment of  the  nautilian  coiled  shell  independently  in  each  series, 
notwithstanding  the  separate  origin  of  these  genetic  series  in  cor- 
responding but  distinct  orthoceran  forms,  are  of  the  same  class  of 
phenomena  and  in  the  same  line,  greater  involution  being  simply 
closer  coiling.  We  have  then  perfect  confidence  in  declaring  that, 
given  the  form  of  shell,  whether  straight,  arcuate  or  coiled,  with 
which  a  series  may  begin,  if  a  progressive  series  it  will  necessarily 
produce  in  succession  more  arcuate,  then  loose  coiled  or  gyroceran, 
then  close  coiled  or  nautilian,  and  finally  more  and  more  closely 
coiled  or  involute  shells  wherever  it  occurs  without  reference  to  lo- 
cality, or  the  formation  in  time.  That  the  structure  progresses  in 
the  same  ratio  with  the  coiling  has  been  demonstrated  by  several 
writers  beginning  with  Von  Buch. 

There  are  however,  as  is  well  known,  species  of  Nautiloids  and 
Ammonoids  which  become  uncoiled.  These  forms  are  close  coiled 
in  their  young  and  show  conclusively'  by  this  peculiarity  and  the 
history  of  their  adult  gradations  that  they  are  descended  from 
close  coiled  or  nautilian  forms.  They  are  degraded  forms  and  this 
can  be  proved  not  only  directly  by  their  gradations  and  develop- 
ment, but  indirectly  by  comparing  their  forms,  sutures,  etc., 
with  the  transformations  taking  place  in  the  old  age  of  normal  nau- 
tilian shells.    There  is  the  same  inevitable  sequence  in  their  evolu- 
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tion  of  form,  but  we  must  begin  with  a  higher  form  instead  of  a 
lower  one  and  in  most  series  we  have  to  start  with  a  nautilian  shell 
and  say  that  in  a  retrogressive  series  it  will  inevitably  evolve  in 
course  of  time  through  the  moi'e  and  more  uncoiled  foi*ms  and  finally 
end  in  a  straight  form. 

The  parallel  series  of  forms  occur  only  in  tj'pes  having  similar 
habitats  and  habits ;  they  are  independent  of  locality  and  time,  but 
not  of  the  more  general  physical  requirements  of  the  habitat.  They 
ai-e  equally  strong  between  the  Silurian  and  Mesozoic  and  modem 
Nautiloids,  and  it  is  from  not  understanding  this  close  representor 
tion  in  distinct  genetic  series,  that  has  ledBarrande  and  others  into 
eiToneous  statements  with  regard  to  the  close  affinities  of  the  mod- 
ern and  the  Cambrian  Nautiloidea,  which  are  purely  representa- 
tive forms,  essentially  distinct  in  structure  and  derivation,  and 
their  resemblances  independent  of  heredity.  No  parallelisms  occur 
between  types  in  different  orders  having  distinct  habitats.  There 
are  no  parallelisms  or  independent  reproductions  of  similar  forms 
in  different  genetic  series  between  the  Belemnoidea  and  Nautiloidea 
or  Ammonoidea,  as  thei*e  are  between  the  last  two  when  compaied 
with  each  other.  The  two  swimming  types,  however,  Belemnoidea 
and  Sepioidea,  present  parallelisms  of  a  similar  kind  and  a  succes- 
sion of  forms  which  can  be  closely  compared. 

Representative  forms  and  characteristics  appear  to  us  therefore 
as  direct  products  of  similar  general  requirements  of  the  habitat 
acting  upon  a  radical,  or  common  organization. 

The  differential  characteristics  are  quite  distinct  in  behavior. 
The  old  idea  that  Ammonoids  may  be  distinguished  from  Nautil- 
oids  by  the  ventral  siphon  and  ventral  lobe  requires  modification. 
As  a  rule  it  is  true ;  but  as  we  have  stated,  and  all  paleontologists 
know,  there  are  exceptions.  The  constant  difference  consists  in 
the  fact  that  the  siphon  never  breaks  the  outline  of  the  suture  of 
the  ventral  lobe  in  Nautiloidea,  whereas  in  the  Ammonoidea  the 
nearness  of  the  siphon  to  the  ventrum  causes  a  slight  saddle  in  the 
suture,  the  siphonal  saddle.  In  descendant  forms  this  saddle  re- 
mains as  a  constant  characteristic  and  is  found  in  the  young  at  an 
early  stage  and  even  independent  of  the  nearness  of  the  siphon  to 
venter.  In  the  Ammonoids,  also,  the  so-called  inverted  funnel 
of  the  siphon  appears.  This,  according  to  our  observations,  is  an  ad- 
ditional part  or  siphonal  collar  and  exists  in  some  forms  of  Gonia- 
tites  with  the  funnel  below.    It  arises  at  first  in  our  opinion  from 
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the  passage  of  the  siphon  through  the  ventral  suture  and  then  be- 
comes fixed  in  the  organization  in  the  same  way  as  the  siphonal 
saddle  in  the  sutures.  They  are  in  our  eyes  both  accounted  for  as 
purely  mechanical  results,  but  being  once  established  the  conserva- 
tive tendencies  of  heredity  perpetuate  them  independently  of  each 
other.  Nothoceras  among  Nautiloids  has  the  funnel  actually  re- 
versed according  to  Barrande,  but  this  must  not  be  confused  with  the 
collar  above  described,  which  has  a  distinct  relation  to  the  siphon,  as 
is  easily  demonstrated  by  the  microscope. 

These  differences  are  begun  and  maintained  in  all  the  progres- 
sive forms,  and  ai*e  not  repeated  in  the  Nautiloidea ;  so  also  is  the 
division  of  the  lobes  of  the  sutures  by  marginal  lobes  and  saddles, 
and  other  differences  in  smaller  series  are  manifested  in  the  same 
way. 

We  are  perfectly  willing  to  admit,  that  in  this  class  of  charac- 
teristics the  Darwinian  hypothesis  receives  the  fullest  confirmation. 
They  are  variable  and  transient  often  when  first  introduced  and 
seem  in  every  way  to  indicate  the  action  of  natural  selection :  that 
is,  in  our  way  of  stating  this  law,  as  essentially  the  action  and  re- 
action of  the  animals  one  upon  another.  In  the  determinate  suc- 
cession of  the  representative  characteristics,  however,  we  can  see 
only  the  action  of  the  purely  physical  selection  of  the  surroundings, 
and  think  they  show  that  a  wide  distinction  is  to  be  made  between 
tlie  purely  mechanical  mode  of  producing  modifications,  physical 
selection,  and  the  action  and  reaction  of  organisms  upon  each  other, 
or  natural  selection. 

All  of  the  above  remarks  relate  entirely  to  the  subsequent  his- 
tory of  characteristics  after  they  have  originated,  and  not  to  their 
origin.  We  have  been  able  to  find  no  indications  of  a  difference 
in  origin  between  characteristics.  To  us  they  all  appear  in  obedi- 
ence to  purely  physical  selection  or  action  of  the  surroundings 
upon  the  habits  of  the  animals,  and  to  this  we  have  been  able  to 
find  no  objections  in  the  facts  themselves  which  have  not  been  dis- 
sipated by  subsequent  study. 

This  impression  has  become  so  strong  and  the  facts  we  think  so 
convincing  as  to  permit  formulation.  They  have  led  us  to  regard  all 
characteristics  as  probably  indirect  or  direct  responses  to  external 
stimulation,  as  stinictural  equivalents  of  the  requirements  of  the 
surroundings. 

It  is  impossible  here  to  make  any  statements  adequately  sup- 
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porting  this  view,  but  we  can  fortunately  refer  to  two  writers  who 
have  ari'ived  at  very  similar  conclusions.  Dr.  Dorhn  has  dis- 
covered one  of  the  most  important  laws  of  change  yet  formulated ; 
namely,  that  organs  possess  latent  capacities  for  the  performance  of 
other  functions  than  those  for  which  they  are  immediately  used. 
Thus  any  change  of  habit  may  bring  about  the  development  of  these 
latent  capacities,  which  reacting  upon  the  organ  may  entirely 
change  its  structure.  Our  researches  lead  us  to  adopt  tliis  view  and 
it  seems  to  us  to  throw  light  upon  the  whole  question  of  the  re- 
lation of  the  Orthoceratites  and  their  descendant  orders. 

John  A.  Ryder  has  originated  the  theory  of  the  mechanical  gen- 
esis of  tooth  forms  from  the  direct  action  of  strains  in  using 
the  teeth  upon  certain  kinds  of  food,  perhaps  the  best  illustration 
of  the  modern  view  of  mechanical  theory  of  evolution,  which  has  as 
yet  been  published.  This  writer  also  uses  the  term  mechanical  ev- 
olution in  the  same  sense  that  we  do,  and  evidently  regards  animal 
reactions  or  effort  as  an  impeftant  factor  in  the  origin  of  charac- 
teristics. 

We  find  it  impossible  to  separate  now  the  work  of  Prof.  Cope 
and  Mr.  Ryder  clearly  from  each  other,  or  our  own  work  from  that  of 
either  of  these  gentlemen.  All  we  can  say  is,  that  if  we  have  appro- 
priated any  of  their  ideas  without  proi>er  credit,  it  is  because  we 
have  worked  them  out  independently,  and  if  they  serve  to  confirm 
their  opinions  we  shall  be  most  happy  to  make  due  restitution. 

Prof.  Cope  also  has  insisted  upon  the  necessity  of  bringing  in 
the  action  of  the  organism  as  an  important  factor  and  regards  the 
efforts  of  the  animal  itself  as  the  initial  stage  of  the  origin  of  char- 
acteristics. This  law  of  effort  was  also  formulated  by  the  author 
independently,  but  considered  as  a  purely  mechanical  reaction  of 
the  organism  in  response  to  the  physical  requirements  of  the  habi- 
tat and  used  to  account  for  the  presence  of  representative  forms 
in  distinct  genetic  series.  The  common  organization  of  the  radical 
would  necessarily  respond  to  the  common  requirements  of  the  same 
habitat  by  similar  changes  of  form  and  similar  structural  modifica- 
tions. Thus  while  we  find  and  must  necessarily  expect  to  find  rep- 
resentation between  the  Nautiloidea  and  Ammonoidea  in  the  same 
habitat  and  between  Belemnoidea  and  Sepioidea,  also  in  the  same 
habitat,  we  do  not  find  representation  between  the  Tetrabranchiata 
as  a  whole  and  the  Dibranchiata,  because  though  originating  IVom 
the  same  common  radicals  they  diverge  into  diffei*ent  habitats. 
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This  representation  we  have  designated  as  morphological  eqaiva- 
lence  because  the  forms  and  stinctnres  are  equivalents  of  each  other 
and  the  organic  equivalents  of  the  physical  surroundings. 

Instead  of  being  led  by  our  researches  to  adopt  the  Darwinian 
hypothesis  that  animals  have  an  inherent  tendency  to  vary,  we 
deny  emphatically  that  animals  have  any  inhei'ent  tendencies  ex- 
cept those  of  growth  and  heredity.  The  essential  character  of  hered- 
ity  is  conservation,  and  if  not  perpetually  acted  upon  by  physical 
selection,  we  should  never  have  had  any  variations  or  any  animal 
kingdom. 

There  is  evident  to  us  throughout  the  history  of  the  Cephalopoda 
a  persistent  retention  of  type  characters,  and  in  the  development 
a  perpetual  renewal  of  ancient  characteristics  which  are  unques- 
tionably  due  to  heredity,  and  are  continuous  from  the  earliest  times. 
Any  supposition,  that  the  same  force  which  accomplished  this 
could  also  and  at  the  same  time  act  in  opposition  to  itself  or  have 
any  tendency  like  a  tendency  to  variation,  is  illogical  and  inadmis- 
sible. That  physical  selection  could  originate  characteristics,  and 
that  these  should  be  eventually  adopted  and  transmitted  by  heredity, 
is  a  sufficient  explanation  of  the  phenomena.  It  is  not  at  all  req- 
uisite to  imagine  heredity  with  a  double  capacity  or  that  animals 
had  any  inherent  tendencies  whatever  except  the  tendencies  to 
grow  and  to  reproduce  their  own  characteristics  in  their  young. 

The  contemplated  publication  strives  also  to  show  as  in  previous 
essays,  that  all  characteristics  arise  primarily  in  the  adults  of  any 
given  type,  and  then  tend  to  be  inherited  at  earlier  and  earlier  stages 
in  the  young  of  succeeding  generations  of  all  grades  whether  iudi- 
%iduals  or  varieties,  or  species.  In  this  respect  the  author  is  now 
able  to  quote  besides  those  of  Prof.  Cope,  the  confirmatoiy  obser- 
vations of  WiJrtenburger  who  has  arrived  at  precisely  similar  con- 
clusions with  regard  to  the  Ammonitinae  of  the  Upper  Jura  and 
also  Ilaeckel  and  Balfour.  Though  differing  from  these  authors 
and  from  Prof.  Cope  with  regard  to  the  part  played  by  natural  se- 
lection, we  all  agree,  that  such  phenomena  as  the  quick  develop- 
ment of  characteristics  are  common  and  can  be  represented  as  a 
general  law  of  development. 

Prof.  W.  K.  Brooks  has  lately  published  an  able  work  upon 
"  Heredity"  in  which  he  adopts  the  law  of  natural  selection,  and 
the  mixed  definition  of  heredity.  The  author  attributes  different 
roles  to  the  different  sexes.    Thus  he  regards  the  female  as  con- 
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servatlve,  and  possessing  less  inclination  to  vary  and  therefore  the 
main  agent  in  maintaining  the  characters  of  the  type,  and  the  male 
as  more  variable,  and,  therefore,  the  immediate  agent  in  any  of 
the  changes,  or  transformations  of  the  original  type  characters 
which  take  place.  This  theory  has  many  notable  facts  in  its  favor, 
but  it  will  be  difficaltto  apply  it  in  forms  where  there  are  but  slight, 
or  no  distinctions  between  the  sexes,  and  again  to  the  lower 
branches  of  animals  in  some  of  which  hermaphroditism  is  pre- 
valent as  it  is  among  sponges  and  Protozoa.^  Prof.  Brooks,  we 
think,  has  in  his  theory  mistaken  a  general  result  for  a  cause.  The 
habits  of  the  male  being  more  varied,  he  is  naturally  more  variable 
while  the  habits  of  the  female  being  more  uniform  she  is  less  var- 
iable, seems  to  us  a  reasonable  explanation  of  the  differences  of  the 
sexes.  The  laws  of  heredity  would  secure  the  transmission  of 
the  variations  in  whatever  sex  they  occurred. 

Again,  throughout  long  series,  like  Nautiloids  and  Ammonoids, 
there  are  no  signs  of  such  action  and  we  have  as  yet  not  succeeded 
among  the  fossils  in  distinguishing  the  sexes.  According  to  Prof. 
Brooks'  theory  we  ought  to  be  able  to  do  this  and  also  to  see  that 
the  males  varied  from  the  females  in  those  characteristics  in  which 
the  later  and  higher  forms  of  both  sexes  vary  fVom  the  older  and 
ancestral  forms. 

Prof.  Brooks  has  apparently  found  nothing  worthy  of  his  atten- 
tion in  the  works  of  Cope,  Ryder,  Packard  or  the  author,  though 
he  quotes  fVom  Mivart  and  others  upon  the  subject  of  the  quick 
evolution  of  forms.  He  also  regards  the  fossils  as  very  unreliable 
means  of  information  in  this  respect,  a  point  of  view,  which  is 
founded  upon  time-honored  prejudice,  but  where  will  the  zoologist 
and  embryologist  get  relations  in  time  or  any  sufficiently  extended 
information  about  the  succession  of  forms,  without  a  resort  to  fos- 
sils ?  Among  Cephalopods,  for  example,  the  information  is  in  these 
respects  more  perfect  than  any  living  group,  as  such,  can  possibly 
afford  to  any  student,  even  though  he  should  attain  complete  ac- 
quaintance with  its  structure  and  forms  and  their  development. 

We  have  said  above  that  the  changes  occurring  in  the  old  age  of 
individuals  are  true  metamorphoses,  and  insisted  that  these  had  a 
meaning  of  their  own,  and  correlated  with  the  changes  which 
occur  in  retrogressive  series.     Thus  in   an  old  shell  the  whorl 

•  See  "  Larval  Theory  of  the  Origin  of  Tissue.**  Proc.  Bost.  Soc.  Nat.  History,  VoL 
28,  not  yet  published,  also  Science,  1884,  No.  68,  and  American  Nat.,  May,  1^1. 
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tends  to  become  uncoiled,  loses  its  costse,  etc.,  and  this  is  paral- 
leled by  the  uncoiled  genera  and  species  of  the  groups  of  the  dis- 
eased and  distorted  types  of  the  Jura  and  Cretaceous. 

These  correlations  are  just  as  evident  as  the  correspondences 
of  embryology  and  the  metamorphoses  of  the  young  with  the  adults 
of  ancestral  forms.  It  only  requires  study  and  attention  on  the 
part  of  naturalists  for  the  laws  of  geratology  to  become  as  instruc- 
tive with  regard  to  the  origin  and  development  of  retrogressive 
and  distorted  types  (aberrant  as  they  are  now  misnamed),  as  are 
those  of  embryology  for  the  progressive  and  healthy  types. 

In  other  words  there  is  a  branch  of  pathology,  which  is  applica- 
ble to  the  explanation  of  phenomena  occurring  as  a  normal  condi- 
tion in  every  animal  in  old  age ;  and  this,  when  carried  farther, 
shows  us  that  there  are  such  things  as  pathological,  diseased  spe- 
cies, distorted  types,  retrogressive  series.  These  are  all  appar- 
ently of  similar  nature  and  eventually  die  out  by  reason  of  their 
pathological  condition,  but  yet  exist  long  enough  to  reproduce 
their  own  awkward  distortions,  in  genera,  and  series  of  genera. 
The  author  upon  these  grounds  in  1866  formulated  the  law  that 
there  was  an  exact  correspondence  between  the  life  of  an  individ- 
ual Cephalopod  and  the  group  to  which  it  belonged  :  namely,  the 
young  and  adolescent  stages  having  direct  correspondence  and 
repeating  the  past  history  of  its  own  group  to  a  greater  or  less 
extent,  the  adult  corresponding  to  the  present  with  all  the  peculi- 
arities and  differences  of  its  group,  and  the  metamorphoses  of  old 
age  to  the  pathological  modifications  and  changes  found  in  the 
t3pes  which  arose  in  unfavorable  localities,  or  which  were  found  as 
a  rule  to  terminate  the  history  of  the  group  in  time.  It  was  also 
stated  that  the  correspondences  of  geratology  were  quite  distinct 
from  those  of  embryology.  While  the  former  are  due  to  heredity, 
the  latter  in  all  cases  are  due  to  the  action  of  unfavorable  sur- 
roundings. They  are  in  the  same  category  as  representative  char- 
acteristics and  plainly  the  effects  of  similar  causes  acting  upon 
similar  organisms. 

We  have  been  until  lately  ignorant  of  the  fact,  that  Haeckcl 
had  given  expression  to  a  very  similar  idea  and  had  applied  it 
to  the  whole  animal  kingdom  in  the  same  year  1866. 

We  are  glad  to  be  able  to  quote  this  eminent  author,  and  to  ac- 
cord to  him  the  greater  knowledge  and  wider  application  of  the 
law,  which  we  felt  at  the  time  of  our  first  publication  was  a  corn- 
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pletion  of  the  labors  of  Von  Baer  and  Louis  Agassiz  npon  the 
correlations  of  individual  development,  and  that  of  the  history  of 
the  group  in  time.  We  take  all  the  greater  pleasure  in  this  act 
from  the  fact  that  Haeckel  has  received  most  strenuous  criticisms, 
and  his  great  services  to  science  demand  a  more  impartial  acknowl* 
edgment  than  they  have  yet  received. 

The  action  of  physical  changes  in  the  surroundings  takes  effect 
upon  the  irritable  organism  and  this  necessarily  responds  to  the  ex- 
ternal stimulants  by  an  internal  effort.  This  effort,  working  from 
within  and  carrying  all  the  influences  of  heredity,  acts  in  its  turn 
upon  the  parts  and  organs  producing  new  growths  and  changes  and 
these  modifications  are  necessarily  adapted  or  suited  to  the  fequire- 
roents  of  the  habitat  or  the  physical  causes  which  incited  the  effort. 
Thus  springing  from  the  common  radical  we  may  have  distinct 
genetic  groups  which  diverge  by  reason  of  transmitted  differences 
and  yet  are  parallel,  or  have  similar  forms  and  con-elated  struct- 
ures produced  in  similar  succession  in  each  group. 

These  morphological  equivalents  are  general  in  their  distribution 
with  regard  to  space  and  time,  and  the  causes  must  have  been 
equally  general  and  equally  similar.^ 

All  morphological  equivalents  seem  to  us  to  be  sufficiently  ac- 
counted for  without  the  aid  of  natural  selection,  since  the  obvious 
fact  that  they  are  advantageous  to  the  animals  is  a  necessary  re- 
sult of  their  adaptability,  a  consequence  of  iheiv  physical  seleclian. 
They  are  advantageous  in  the  same  way  that  it  is  of  advant^e  to 
a  drop  of  liquid  to  be  round,  or  a  cell  when  equally  pressed  on  all 
sides  to  be  hexagonal. 

Differential  characteristics,  however,  are  only  at  first  identical. 
After  their  origin  we  find  them  occurring  in  limited  series  of  forms, 
appearing  and  disappearing  according  to  no  traceable  law  of  suc- 
cession, limited  also  in  space  and  time,  and  having  a  fixed  heredi- 
tary continuity  and  comparative  invariability,  which  exhibit  how 
exclusively  they  have  become  the  property  of  heredity. 

There  is  a  time  in  each  type,  however,  when  they  api>eared  as 
variables,  when  they  were  found  in  some,  and  not  in  other  closely 

T  It  must  be  observed  here  that  we  have  careAilly  avoided  mentioning  a  large  nam* 
ber  of  characteristics  each  at  the  bilateral  symmetry  of  the  shell  and  the  unsyntmetry  of 
many  spirals,  etc.,  which  are,  as  we  have  tried  to  show  in  a  previoas  essay,  doe  to  the 
still  more  general  and  uniform  action  of  gravity.  These  are  also  morphological 
dqulvalents,  but  we  have  not  the  space  even  to  aUude  to  them  as  their  Importance  de* 
ttrves. 
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allied  fonns.  We  can  understand  that,  at  this  time,  the  organisms 
possessing  them  are  able  in  their  struggle  with  others  to  maintain 
and  perpetuate  themselves  with  greater  success  on  account  of  these 
advantageous  differences,  and  that  by  this  success  the  differences 
would  naturally  become  fixed  in  the  organism  and  be  adopted  by 
heredity.  Then  they  would  assume  the  character  of  essential 
diflferences  and  the  comparative  invariability  which  distinguishes 
this  class  of  characteristics  from  morphological  equivalents. 

Natural  selection  does  not  act  according  to  our  experience  be- 
yond the  period  of  variability.     All   characteristics,  according  to 
the  law  of  concentration,  tend  to  be  inherited  at  earlier  and  earlier 
stages  in  descendants,  and  the  differences,  when  fixed  are  no  lon- 
ger variables  and  come  under  the  full  influence  of  the  conservative 
force  of  heredit}'.    They  are  not  dependent  upon  the  fate  of  battle, 
but  are  part  of  the  invariable  tendencies  of  the  organism,  so  long 
as  it  remains  in  the  same  habitat.     They  may  disappear  or  be 
dropped  in  some  of  the  last  of  a  series,  outof  the  development  of  the 
young,  in  accordance  with  the  law  of  concentration  of  development, 
or  they  may  be  retained,  but  in  all  cases  they  show  the  behavior 
of  strictly  hereditary  characteristics  of  the  class  of  differentials  and 
serve  to  distinguish  groups  because  of  their  comparative  invariabil- 
ity of  occurrence.     They  are  the  purest  illustrations  of  the  law, 
that  like  tends  to  produce  like.     One  has  only  to  think  of  the 
characteristics  mentioned  above  as  differentials  in  the  Ammonoidea 
to  understand  these  statements.     The  embryosac  or  protoconch, 
the  ventral  suture  with  its  peculiar  lobe,  the  nautilian  form  are 
all  perpetuated  steadily  without  break  from  the  Cambrian  to  the 
Cretaceous  inclusive,  and  the  Nautiloid  differentials  persist  in  that 
order  even  in  the  existing  animals.     Similarly,  in  any  small  series, 
if  we  can  pick  out  its  differentials,  we  are  presented  with  the  same 
phenomena  of  comparative  invariability  due  to  heredity.     In  fact 
oar  classification  of  organic  beings  entirely  depends  upon  this  fact. 
If  it  were  not  true,  we  could  not  make  a  classification,  which  would 
represent  natural  relations.    The  methods  pursued  by  all  classifiers 
show  this.    While  we  talk  freely  of  the  need  of  founding  classifica- 
tions upon  all  the  characteristics  of  animals,  no  one  practically 
follows  this  empty  wisdom.    On  the  contrary,  and  of  necessit}*-, 
naturalists  have  been  wiser  than  their  own  precepts,  and  really 
sought  for  those  constant  differences,  which  are  the  hereditary 
differentials. 
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We  do  not  regard  the  law  of  concentration  as  an  inherent  ten- 
dency of  heredity.  We  think  it  is  universal,  and  that  it  can  be 
traced  in  man,  as  well  as  the  Cephalopods,  to  an  extent  which 
throws  light  on  his  intellectual  as  well  as  his  structural  develop- 
ment, but  it  appears  to  be  a  result  of  the  action  of  external  stimn- 
lation  upon  the  development. 

Balfour  not  expecting,  as  an  embryologist,  to  get  any  information 
from  a  paleontologist  naturally  omitted  to  notice,  that  in  a  memoir 
upon  Planorbis  at  Steinheim,  we  had  already  attributed  the  concen- 
trated or  quicker  development  of  some  types  to  extra  protection  af- 
forded by  the  parents  to  the  young,  and  repeated  our  conclusions 
in  his  "Comparative  Embryology." 

His  observations  are  valuable^ confirmations,  and  we  can  point 
to  this  as  probably  one  at  least  of  the  causes  of  concentrated  or 
quick  development.  It  is  however  not  the  sole  cause.  Perhaps 
no  types  among  Cephalopoda  are  more  concentrated  or  have 
quicker  development  in  Balfour's  use  of  that  term  than  the  patho- 
logical type  like  Ancyloceras,  Crioceras,  etc.,  and  that  they  had  ex- 
tra protection  from  their  parents  is  an  inadmissible  supposition. 
They  are  of  all  grades,  and  diseased  varieties  may  be  followed  into 
normal  series  or  species  on  the  one  hand,  and  on  the  other  by 
gradations  into  series  of  distorted  forms  with  highly  concentrated 
ydung.  If  these  were  protected  the  normal  forms  into  which  they 
grade  must  have  been  capable  of  affording  extra  protection  to  some 
varieties,  while  not  possessing  it  themselves.  Another  fact  is 
that  their  shells  are  the  smallest  in  diameter,  mere  tubes  in  many 
genera. 

All  our  observations  agree  however  in  one  important  particular: 
protection  is  certainly  in  its  effect  upon  the  young  a  stimulant, 
and  may  be  said  to  furnish  the  most  favorable  conditions  for  an 
early  and  premature  physiological  development.  It  will  not  aston- 
ish pathologists,  when  it  is  asserted,  that  in  this  respect,  protection 
is  like  the  action  of  certain  pathological  causes  which  tend  to  pro- 
duce premature  development. 

In  fact  we  think,  that  while  the  causes  which  can  have  produced 
a  tendency  to  concentration  are  almost  entirely  dissimilar  and 
irreconcilable  in  themselves,  they  nevertheless  possess  the  gen- 
eral and  common  character  of  being  very  favorable  or  stimolat- 
ing  to  the  earlier  stages  of  development  and  unfavorable  to 
growth.    They  belong  in  other  words  to  the  class  of  pa^ological 
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causes  and  when  in  excess  are  highly  unfavorable  to  the  continu- 
ance of  life  itself. 

Their  normal  action  in  these  retrogressive  and  distorted  forms 
is  unfavorable ;  whereas,  when  stimulation  arises  from  the  ordinary 
action  of  physical  selection,  it  may  be  entirely  favorable  and  we 
think  this  is  the  only  reasonable  explanation  of  the  phenomena. 

Wiirtenburger  and  Haeckel  both  regard  characteristics  as  tending 
to  be  inherited  at  earlier  or  later  stages  in  descendants.  If  Wiir- 
tenburger and  Haeckel  are  coiTCCt  then  we  ought  to  find  series 
with  tendency  to  Inherit  ancestral  characteristics  at  later  stages, 
or  isolated  forms  with  characteristics  appearing  at  later  stages  than 
those  in  which  they  appeared  in  their  ancestors.  We  have  entirely 
failed  to  find  any  such  instances.  If  they  can  be  adduced,  then  the 
law  of  concentration  would,  as  claimed  by  Haeckel  and  Wiirten- 
burger, be  a  result  of  natural  selection.  Neither  Haeckel,  Wiirten- 
burger or  Darwin,  has  brought  forward  any  such  examples,  so  far 
as  we  know,  and  the  latter  is  particular  in  stating,  that  character- 
istics tend  to  be  inherited  in  successive  descendants  at  tlie  same 
stage  or  earlier  tJuin  tliat  in  which  they  appeared  in  tJie  ancestors. 
We  can  readily  understand  how  characteristics  may  tend  to  be 
inherited  at  the  same  stage  because  of  the  invariable  action  of  he- 
redity, but  we  recognize  no  inherent  tendency  to  change  in  any  phe- 
nomena of  heredity  we  have  yet  studied.  The  tendency  to  earlier 
inheritance  is  the  result  apparent!}'  of  disturbing  and  modifying 
agencies  acting  from  without  as  must  all  other  causes  of  change 
in  the  organism. 

The  Argonauta  is  an  example  of  an  animal  protecting  its  young 
and  having  a  concentrated,  or,  as  Balfour  and  others  call  it,  quicker 
development.  Many  of  the  Spatangoids  are  similar  examples. 
Man  is  the  most  remarkable  example,  since  here  we  can  with  Cope 
trace  the  effect  of  protection  not  only  in  the  nursing  of  the  young, 
but  in  the  subsequent  care  of  rearing,  and  in  education  as  its  con- 
sequent. 

In  pathological  types  the  development  is  enormously  accelera- 
ted, as  in  the  senile  characteristics  of  syphilitic  children,  and  the 
pathological  types  of  Ammonites.  The  Baculites  and  uncoiled 
cretaceous  Ammonitinse,  for  example,  are  pramaturely  stimulated 
in  the  development  of  their  senile  characteristics  by  pathological 
causes. 

In  fact  the  only  way  to  account  for  the  removal  of  the  progres- 
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give  characteristics  of  the  uormal  ancestors,  and  their  replace- 
ment by  senile  characteristics,  is  to  attribute  the  phenomena 
to  the  action  of  the  stimulating  effects  of  the  surroundings,  just 
as  we  are  obliged  to  attribute  the  premature  development  of  syphi- 
litic children,  or  premature  developments  and  extra  growths  of  all 
kinds,  to  overstimulation  by  the  unfavorable  surroundings  acting 
directly  on  the  parents  and  indirectly  through  heredity  on  the 
children. 

Thus  Balfour's  idea  of  protection,  as  applied  to  the  so-called 
quicker  development  of  the  highest  forms  in  different  types,  cannot 
possibly  apply  to  diseased  forms,  or,  as  we  might  show  if  there  was 
space,  to  parasites,  which  are  however  the  finest  possible  illustra- 
tions of  the  effects  of  the  suiToundings,  in  producing  concentration 
without  protection.  Nor  does  it  apply  to  the  uniform  and  constant 
manifestation  of  the  law  of  concentration  which  takes  place  in 
every  series.  The  highest  members,  t.  €.,  the  terminal  ones  of 
series,  are  invariably  more  or  less  concentrated,  and  when  the  de- 
velopment skips  stages,  which  are  common  in  ancestral  forms,  as 
it  does  almost  invariably  in  such  forms  or  species,  we  cannot  ap- 
peal to  protection  as  an  explanation.  The  skipping  is  evidently 
the  direct  consequent  of  the  action  of  the  law  of  concentration. 
The  characteristics  skipped  have  become  useless;  and  as  both 
Wiirtenburger  and  the  author  among  Ammonoids,  Cope  among  the 
reptiles  and  batrachians,  and  Haeckel  more  generally,  translate  the 
phenomena,  they  appear  to  be  literally  crowded  out  of  the  devel- 
opment by  the  earlier  inheritance  of  the  immediate  ancestral  char- 
acteristics. For  example,  the  highest  form  of  the  Arictidse  is  a 
small  species,  Asteroceras  CollenotiU  which  has  no  stage  in  its  devel- 
opment comparable  with  the  adult  of  its  ancestral  Asteroceras  ob- 
tusum,  and  yet  we  traced  it,  after  several  years  of  research,  back 
through  other  forms  directly  to  this  species,  and  in  this  we  have 
repeated  the  previous  experience  of  Quenstedt  and  Prof.  Fraas. 
Every  series  of  Ammonites  gives  similar  results,  which  have  been 
noted  in  essays  by  Wiirtenberger  and  the  author  and  the  writers 
above  mentioned  in  larger  series. 

The  types  with  concentrated  development  thus  skipping  stages 
in  smaller  series  are  precisely  comparable  with  the  diseased  types 
in  their  relations  to  the  old  age  of  the  individual  in  the  larger  series : 
they  present  the  same  phemomena  as  the  larger  series  of  retrogres- 
sive forms  in  a  less  degree,  but  still  perfectly  traceable  by  definite 
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characteristics.  They  lose  the  ornaments  which  distinguish  the 
adults  of  the  purely  progressive  species  in  their  own  series,  and 
have  smooth  whorls ;  they  usually  also  have  less  robust  whorls, 
and  the  shell  is  not  so  large  in  diameter ;  they  often  retain  in  re- 
spect to  their  smoothness  and  the  complications  of  the  sutures,  the 
conditions  of  their  own  younger  stages  throughout  life,  and  thus 
present  close  parallels  to  the  purely  retrogressive  forms  of  patho- 
](^ical  series;  they  are  also  invariably  either  the  dying-out 
forms  of  their  respective  series,  or  when  on  the  same  level  the  ex- 
treme aberrant  forms. 

Dr.  C.  S.  Minot's  essay ,^  Is  man  the  highest  animal?  shows  this 
mingling  of  chai-acteristics  clearly  in  the  highest  type  of  the  animal 
kingdom,  the  mingling  being  due  to  the  retention  embryonic  char- 
acteristics. This  retention  in  a  higher  type,  is  a  form  of  degrada- 
tion which  tends  to  destroy  the  adult  differentiations  of  the  type. 
Thus  the  excessive  and  premature  development  of  the  brain  in  man 
has  prevented  the  development  of  the  differential,  simian  charac- 
teristics of  prognathism,  reducing  the  bones  of  the  face  and  in- 
creasing the  size  and  importance  of  the  skull.  We  can  in  the  case 
of  man,  clearly  see  that  the  highest  physiological  development 
tends  to  destroy  the  growth  or  development  of  purely  structural 
differentiations  of  the  ancestral  type.  Geratologous  types,  there- 
fore, present  the  phenomena  of  retrogression,  but  have  also, 
frequently  the  highest  possible  developments  of  some  of  the  char- 
acteristics and  tendencies.  Thus  in  Asteroceras  CoUenotiU  the 
whorl  is  flatter  and  more  acute  and  more  involute  than  in  any 
other  form  of  its  series  or  of  the  family  of  the  Arietidse,  and  the 
keel  is  developed  earlier.  In  some  series,  on  the  other  hand,  as  in 
the  Stephanoceran,  such  forms  may  grade  into  those  which  belong 
to  distorted,  retrogressive  series  like  Scaphites.  We  think  there- 
fore we  have  every  reason  to  consider  them  and  the  retrogressive 
forms  as  having  in  common  direct  correlations  with  the  retrograde 
metamorphoses  of  the  individual,  and  consequently  feel  justified  in 
classifying  them  in  the  same  category  as  geratologous  forms.  Nev- 
ertheless, here  as  elsewhere  no  hard  and  fast  lines  can  be  drawn, 
and,  strange  and  even  paradoxical  as  it  may  seem,  they  must  be 
in  many  instances  regarded  like  man,  as  the  highest  of  their  seines 
on  account  of  their  concentrated  and  accelerated  development, 
and    sometimes,  as  in  Asteroceras  CoUenotii^  exhibit  the  most 
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extraordinary  development  of  certain  tendencies,  observable  bat 
not  so  highly  developed  in  their  ancestors. 

They  are  also  in  smaller  series  often  comparable  with  their 
earlier  ancestors,  just  as  the  diseased  Baculite  as  the  terminal  form 
of  Ammonoidea  is  comparable  with  the  Orthoceras.  Thus  the  A. 
Collenotii  can  be  compared  in  its  later  adolescent  stages  very  closely 
with  the  adult  of  the  ancestral  radical  of  the  family  of  the  Arieti- 
dse,  PsUoceras  planorbis,  and  still  more  closely  with  the  immediate 
radical  of  its  own  genetic  series  Agaasiceraa  striaries^  which  in 
some  varieties  is  often  confused  with  Psiloceras  planorbis,  and  in 
the  adult  still  retains  the  smooth  whorl  of  that  species.  The  ex- 
treme old  age  of  this  species  Collenotii  has  never  been  seen,  bat  if 
it  reduces  the  whorl  in  size  at  that  stage  as  others  do  in  the  Ar- 
ietidae,  we  should  not  be  able  to  separate  it  from  Psilooeras  if  the 
adult  was  unknown.  The  mingling  of  the  progressive  and  retrogres- 
sive tendencies  in  the  development  of  such  forms  as  occur  at  the 
termini  or  paracme  of  small  series,  as  Haeckel  terms  the  descent  ond 
fall  of  forms,  makes  these  comparisons  less  apparent  than  they  ai*e 
often  between  the  purely  retrogi^essive  forms  in  the  paracme  of 
larger  series,  but  that  they  belong  to  the  same  class  is  evident. 
The  differences  lie  in  the  possession  by  geratologous  forms  of  small 
series  of  a  greater  or  less  number  of  progressive  characteristics 
which  are  developed,  and  prevent  the  tendency  to  the  development 
of  the  senile  characteristics.  In  the  above  case,  for  example, 
they  permit  the  senile  characteristic  of  smoothness,  and  also  the 
simple  acute,  channelless  abdomen  of  the  young  to  be  perpetao- 
ted  in  growth,  but  they  develop  otherwise  a  highly  involute,  later- 
ally flattened  whorl,  which  is  a  step  in  advance  of  all  others  of  its 
own  series. 

All  of  the  geratologous  degraded  characteristics  are  also  simi- 
lar to  the  larval  characteristics,  and  consequently  when  tlie  pro- 
gressive characteristics  disappear,  we  get  as  a  result  fbsion  of 
geratologous  with  larval  characteristics,  or  persistent  development 
of  the  latter  combined  with  geratologous  tendencies. 

In  purely  retrogressive  forms  or  purely  geratologoas  types  like 
Baculites,  etc.,  the  fusion  of  characteristics  is  complete,  and 
the  overstimulation  of  the  pathological  surroundings  has  to  be 
called  into  account  for  the  premature  development  of  all  the  larval 
characteristics,  the  cylindrical  form  of  the  adolescent  young,  its 
smoothness,  its  simple  sutures  and  the  earlier  inheritance  of  the 
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tendency  to  degenerative  uncoiling.  We  are,  therefore,  really 
presented,  in  Baculites,  with  a  type  comparable  closely  with  the 
straight  cone  of  the  larval  stage  of  Oon.fecundus  of  the  Silurian, 
and  with  the  primal  adult  ancestor  Orthoceras,  the  resemblance  to 
the  radical  being  more  complete  because  the  process  leading  to  the 
reversion  is  more  completely  carried  out.  The  distal  ancestor  Or- 
thoceras passes,  as  we  know,  through  but  few  changes  in  its  indi- 
vidual development,  and  has,  what  could  be  appropriately  called, 
thedirect  mode  of  development.  The  higher  typesof  the  Nautiloids 
have  the  cyrtoceran,  and  gyroceran  stages  and  the  correlative  meta- 
morphoses of  the  septa  and  siphon  in  their  younger  stages,  and 
have  the  indirect  mode  of  development,  or  pass  through  a  lai*ger 
number  of  metamorphoses ;  the  geratologous  types  have  again  the 
direct  mode,  on  account  of  the  skipping  of  progressive  character- 
istics, or  through  their  replacement  by  the  senile  tendencies  and 
persistent  larval  characteristics.  The  purely  adaptive  nature  of  the 
indirect  mode  of  development,  which  hfs  been  most  fully  studied 
among  insects,  is  quite  generally  admitted  by  entomologists,  and  is 
prolonged  or  shortened  according  to  the  seasonal  requirements  of 
the  surroundings,  and  may  be  regarded,  in  the  main  if  not  wholly, 
as  the  structural  equivalent  of  the  surroundings. 

We  have  tried  to  show,  that  the  more  or  less  direct  development 
of  the  geratologous  forms  among  the  Ammonites  was  possibly  due 
to  the  stimulating  effects  of  the  surroundings  producing  premature 
and  constant  development  of  some  of  the  senile  characteristics 
in  combination  with  the  earlier  development  of  the  high  progres- 
sive characteristics  of  the  series  or  division,  or  where  stimulation 
was  excessive,  replacing  the  latter  entirely  with  the  larval  char- 
acteristics, and  geratologous  tendencies  to  uncoiling,  thus  produc- 
ing larval  types  with  direct  development  out  of  the  ancestral 
progressive  types.  We  have  also  tried  to  give  sufficient  reasons 
for  our  opinion  that  in  all  of  these  types  the  mdi*ks  of  effort  are  as 
apparent  in  the  retrogressive  as  in  the  progressive  series.  This  re- 
sult is  as  clearly  due  to  the  habits  of  the  aberrant  or  uncoiled  types, 
as  is  the  ordinary  phenomenon  of  progression,  but  there  is  not 
space  to  discuss  this  point,  and  must  refer  to  article  in  Science, 
1884,  No.  63,  p.  148. 

We  can  formulate  our  conclusions  as  follows : — 

1.  We  have  endeavored  to  demonstrate,  that  a  natural  classifi- 
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cation  may  be  made  by  means  of  a  system  of  analysis  in  which  the 
individaal  is  the  nnit  of  comparison,  because  its  life  in  all  its  phases, 
morphological  and  physiological,  healthy  or  pathological,  embryo, 
larva,  adolescent,  adult  and  old,  correlates  with  the  morphological 
and  physiological  history  of  the  group  to  which  it  belongs. 

2.  In  the  different  genetic  series  of  a  type  derived  th>m  one  ances- 
tral stock,  there  is  a  perpetual  recurrence  of  similar  forms  in  sim- 
ilar succession,  which  are  usually  called  representative  and  often 
falsely  classified  together,  though  they  really  belong  to  divergent, 
genetic  series. 

8.  These  forms  and  their  similar  characteristics  are  not  derived 
by  direct  inheritance  from  the  common  ancestor  in  which  all  the 
forms  arc  necessarily  similar  and  primitive,  but  originate  every- 
where inde|)endently  of  hereditary  influences  in  the  different  series, 
and  also  in  all  formations  independently  of  chronological  distribu- 
tion. 

4.  This  evolution  of  similar  morphological  changes  in  the  forms 
of  different  genetic  series  must  be  regarded  as  the  similar  reactions 
or  efforts  of  a  common  organism  in  direct  response  to  similar, 
generally  distributed  physical  causes  active  in  the  same  habitat, 
and  are,  therefore,  necessarily  similar  to  each  other  though  in  dif- 
ferent genetic  series.  As  a  whole,  they  may  be  said  to  express  the 
general  tendencies  of  modification,  due  to  the  efforts  of  the 
common-radical  and  common  organization  while  spreading  in 
all  directions  and  in  different  genetic  lines  to  respond  to  simi- 
lar physical  causes,  and  meet  their  requirements  with  suitable 
changes.  They  are,  therefore,  structural  equivalents  of  each  other 
in  different  series,  and  functional  equivalents  of  the  general  re- 
quirements of  the  environment,  or  habitat,  purely  physical  selec- 
tions. 

5.  All  new  characteristics,  even  those  which  are  purely  mechan- 
ical reactions  of  the' tissues,  arise  in  a  similar  manner  as  reactions 
to  the  exciting  agency  of  the  more  general,  or  more  localized  phys- 
ical causes,  and  are  necessarily  their  corresponding,  oi*ganicor  suit- 
able equivalents,  structurally  and  functionally. 

6.  After  their  origin,  however,  and  during  their  subsequent 
histor}',  characteristics  are  divisible  into  two  categories :  those  which 
become  morphological  equivalents,  and  are  essentially  similar  in 
distinct  series,  and  those  which  are  essentially  diffei-ent  in  distinct 
series  and  may  be  classed  as  morphological  differentials. 
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7.  These  differentials  are  absent  in  the  first  members  of  series, 
then  on  their  appearance  transient,  but  afterwards  tend  to  become 
invariable,  or  fixed  in  the  stock  or  series,  being  perpetuated  and 
increased  by  direct  inheritance  in  successive  generations,  species, 
etc.  They  may  finally  often  disappear  in  the  retrogressive  or 
highest  and  last  occurring  members  of  each  scries,  or  in  aberrant 
forms  when  on  the  same  level. 

8.  They  have  no  determinate  mode  of  succession,  but  are  usu- 
ally more  or  less  isolated  modifications  and  arise  first  in  individuals 
or  vai'ieties,  but  afterwards  become  characteristic  of  species  and 
finally  of  the  major  part  of  the  direct  line  in  every  descendant 
series. 

9.  They  are,  therefore,  strictly  adaptive,  variable  characteris- 
tics and  not  directed  in  their  occurrence  or  development  by  any 
more  or  less  invariable  law  of  succession  as  are  the  morphological 
equivalents,  and  their  perpetuation  cannot  be  attributed  to  physi- 
cal selection.  Their  rise  and  ultimate  prepotency  as  inheritable 
characteristics  appear  to  be  due  to  the  action  and  reaction  of  the 
animals  upon  each  other,  viz.,  to  the  law  of  natural  selection. 

10.  Differentials,  therefore,  can  be  separated  from  other  char- 
acteristics of  the  same  parts,  by  careful  observation  and  close  an- 
alysis of  their  behavior  in  series,  but  cannot  be  specifically  predicted 
from  the  study  of  other  series ;  whereas,  morphological  equivalents 
can  be  predicted  with  the  same  certainty  as  the  recurrence  of  any 
other  physical  phenomena. 

Thus  we  can  say  of  any  new  series  of  Nautiloids  or  Ammonoids, 
that  habitat,  t.  e.,  causes  i*emaining  similar,  and  the  form  with 
which  the  series  begins  being  also  known,  they  will,  whenever  or 
wherever  found,  tend  to  develop  arcuate,  coiled,  close  coiled  or 
discoidal  and  finally  involute  foims  in  progressive  seines,  and  re- 
verse this  process  in  retrogressive  series. 

11.  All  modifications  and  variations  in  progressive  series  tend 
to  appear  first  in  the  adolescent  or  adult  stages  of  growth,  and  then 
to  be  inherited  in  successive  descendants  at  earlier  and  earlier 
stages  according  to  the  law  of  concentration,  until  they  either  be- 
come embryonic,  or  are  crowded  out  of  the  organization,  and  re- 
placed in  the  development  by  characteristics  of  later  origin. 

12.  Modifications  which  tend  to  appear  in  the  old  age  of  the 
individual  of  the  progressive  series,  correlate  with  the  modifica- 
tions taking  place  in  pathological  series  of  all  grades,  and  in 
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geratologons  and  retrogressive  forms  of  all  kinds,  howevcr-progres- 
sive  ihej.  may  be  in  certain  cliai-acteristics.  Greratologoiis  forms, 
therefore,  show  that  the  development  of  hereditary  retrogressive 
characters  has  been  stimulated  so  as  to  take  the  place  of  the  pro- 
gressive, thus  either  partially  or  completely  replacing  them.  The 
partial  replacement  is  often  accompanied  by  the  early  develop- 
ment of  the  hereditary,  progressive  characteristics. 

Geratologons  forms  may,  therefore,  be  the  highest  members  of 
progressive  series,  or  the  terminal  members  of  retrogressive  series, 
and  the  stimulation  of  the  development  appears  to  take  effect  upon 
both  progressive  and  retrogressive  characteristics,  thus  prodacing 
at  the  same  time  and  in  the  same  sliell,  (1)  the  earlier  or  premature 
development  of  some  of  the  progressive  characteristics  combined 
with  geratologons  characteristics,  (2)  the  earlier  development  of 
gcralologous  characteristics  and  their  fusion  with  larval  diameter- 
istics  which  occasions  the  complete  replacement  of  progressive 
characters  and  occurs  only  in  the  extreme  forms  of  retrogressive 
series,  and  in  parasites. 

13.  The  law  of  concentration  in  development  seems  to  express 
an  invariable  mode  of  action  of  heredity,  in  the  earlier  reproduction 
of  hereditaiy  charactensties  of  all  kinds  and  under  all  conditions. 
In  progressive  series  it  acts  upon  healthy  characteristics  and  ap- 
pears to  be  an  adaptation  to  favorable  surroundings,  and  in  retro- 
gi*essive  series  upon  pathological  characteristics,  and  is  pro1>ably 
an  adaptation  to  unfavorable  surroundings  usually  leading  to  the 
extinction  of  the  series  or  type. 

14.  In  following  up  series,  it  has  been  found  that  the  develop- 
ment of  ancestral  foims  is  simple  and  direct ;  that  of  their  more 
s[>ecialized  descendants  becomes  gradually  indirect,  acquiring 
complicated,  intermediate  or  larval  stages,  and  that  of  the  terminal 
retrogressive  or  geratologons  and  pathological  forms  becomes 
again  more  or  less  direct. 

15.  The  intixxluction  of  adaptive  larval  stages  into  the  history 
of  individual  development  in  any  series  api>eai-s  to  be  due  to  the 
direct  exciting  action  of  the  surroundings,  and  their  absence  or 
subsequent  suppression  to  some  phj^sical  agency,  changes  of  habit 
or  protection,  or  to  pathological  causes. 

All  of  these  causes  must,  however,  be  considered  as  similar  in 
their  effe(;ts  upon  the  young,  t.  e.,  direct  stimulants  pixxlucing  ex- 
cessively rapid  development  of  the  ancestral  progressive  chai-ac- 
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teristics,  or  of  the  retrogressive  or  primitive  larval  characteristiosy 
inherited  from  the  progressive  forms. 

1 6.  The  law  of  organic  equivalence  may  be  descriptively  stated  as 
follows,  the  action  of  physical  changes  takes  effect  upon  an  urritable 
organism,  which  necessarily  responds  to  the  external  stimulants, 
by  an  internal  reaction  or  effort.  This  action  from  within  upon  the 
parts  of  the  organism  modifies  their  hereditary  forms  by  the  pro- 
dnction  of  new  growths  or  changes  which  are,  therefore,  adapted 
or  suitable  to  the  conditions  of  the  habitat,  or  the  physiological 
equivalents  of  the  phj'sical  agents  and  forces  from  which  they  di- 
rectly or  indirectly  originated.  In  so  far  then  as  causes  and  habits 
are  similar  they  produce  representation  or  morphological  equiva- 
lence in  different  series  and  in  so  far  as  they  are  different  they 
produce  the  differentials  which  distinguish  these  series  from  each 
other. 


Mta  arbnabia  :  its  changes  in  Pliocene  and  Prehistoric  Times. 
By  E.  S.  Morse  of  Salem,  Mass. 

[abstract.] 

At  a  previous  meeting  of  the  Association,  the  author  showed 
that  the  species  of  shells  found  iu  the  Indian  shcllheaps  along  the 
coast  of  New  England  differed  in  their  proportionate  diameters 
from  the  same  species  living  to-day.  He  pointed  out,  moreover, 
that  species  belonging  to  similar  genera,  in  the  shellheaps  of 
Japan,  had  changed  in  precisely  similar  ways.  It  was  important 
to  find  out,  if  possible,  the  cause  of  these  changes.  A  compari- 
son between  the  shells  of  two  common  species,  found  north  and 
soath  of  Cape  Cod,  gave  indications  that  temperature  was  the  in- 
ducing cause.  The  two  species  selected  were  Mya  arenaria  and 
Venus  mercenaria;  the  former  extremely  variable,  the  latter  very 
coDBtant,  in  its  characters.  Specimens  of  these  species  had  been 
collected  in  great  numbers,  both  recent  and  ancient.  The  follow- 
iDg  are  the  indices  of  Mya  arenaria : — 

RECENT.  ANCIENT, 


South  of      North  Of  South  of      North  of 

Cape  Cod,     Cape  Cod,  Cape  Cod,     Cape  Cod, 

61.48.  61.67.  03.  68.78. 
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of  Fentw  Tiiercenarid  ;— 

RECBNT.  AMCIEMT. 


South  of      North  Of  South  of      North  of 

Cape  Cod,     Cape  Cod,  Cape  Cod,     Cape  Cod, 

81.01.  81.10.  81JS1.  8L81. 

Since  the  waters  soath  of  Cape  Cod  are  much  warmer  than  tboee 
noilh  of  Cape  Cod,  it  was  reasonable  to  suppose  that  these  changes 
were  due  to  temperature,  and  that  the  higher  index  of  the  ancient 
specimens  found  in  the  Indian  deposits  might  indicate  a  colder 
climate.  This  supposition  receives  some  support  in  the  fact  that 
a  measurement  of  specimens  found  in  the  glacial  clays  about 
Portland,  Maine,  and  on  the  Kennebec  river  in  the  same  state, 
gave  the  high  index  of  66,  and  a  number  of  Norwich  and  Bed 
Crag  fossils  of  Mya^  which  he  had  the  opportunity  of  measuring 
at  the  British  Museum,  had  an  index  of  64 ;  recent  Mya  from 
South  End,  England,  having  the  low  index  of  58.30. 

It  was  interesting  to  observe,  that  measurements  of  Mya  in 
Japan  gave,  for  the  southern  form,  an  index  of  61.10,  and,  of  a 
more  northern  form,  62.50. 


A  New  Plan  of  Museum  Case.    By  Edward  S.  Morse  of  Salem, 
Mass. 

[▲B8TBACT.] 

This  paper  described  a  new  plan  of  museum  case  devised  and 
constructed  and  in  practical  use  at  the  museum  of  the  Peabody 
Academy  of  Science  in  Salem. 


Conscious  Automatism.^    By  C.  P.  Hart  of  Wyoming,  Ohio. 


The  application  op  NrrROUs  Oxides  and  Air  to  produce  ax- 
JESTHESIA ;  wrrn  Clinics  on  Animals  in  an  experimbntai. 
air-chamber.^      By  E.  P.  Howland  of  Washington,  D.  C. 

1  For  a  short  notice  of  this  paper  see  Science  for  Sept.  7, 188S. 
•  A  notice  of  this  paper  la  given  in  Scienge  for  Sept.  7,  I883, 
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ADDRESS 

BY 

PROFESSOR  OTIS  T.  MASON, 

VICE-PRESIDENT,  SECTION  H. 


THE  SCOPS  AND  VALUE  OF  ANTHBOPOLOGICAL  STUDIES. 


EyERTTHiNO  that  comes  before  the  human  mind  has  to  pass 
tbrongh  a  process  of  weighing  and  measuring,  and  receives  a  val- 
uation according  to  the  thinker's  standards  of  merit.  In  this  crit- 
ical spirit  let  us  pass  in  review  those  studies  called  anthropological, 
in  order  to  form  some  estimate  of  their  value  according  to  the 
measures  commonly  applied  to  various  departments  of  learning. 

Anthropology  is  the  application  of  the  instrumentalities  and 
methods  of  natural  history  to  the  study  of  man.  The  anthro- 
pologist, in  this  sense,  is  not  a  dilettante  philosopher,  who  in- 
quires about  old  things  because  they  are  old,  or  into  curious  things 
while  they  are  curious,  omitting  all  the  great  movements  and 
needs  of  society,  and  cyverloading  the  baggage-train  of  progress 
with  trumpery  picked  up  along  the  march.  The  practical  spirit  of 
our  age  demands  that  he  ask  what  truth,  or  good,  or  beauty  comes 
from  such  investigations,  and  how  he  can  make  them  subservient 
to  human  weal. 

As  to  the  scope  of  anthropology,  we  may  be  instructed  by  the 
other  sciences.  The  natural  history  of  any  species,  say  of  the 
domestic  horse,  includes  many  inquiries,  such  as  the  time  and  place 
of  its  origin  ;  its  ancestry ;  its  pristine  size,  appearance,  and  mode 
of  living.  We  should  afterwards  inquire  concern  i  ng  the  archseology 
OT  the  palaeontology  of  the  Equidae,  their  embryology,  anatomy, 
physiology,  diseases,  abnormalities,  and  external  characteristics. 
Mr.  Eomanes  would  have  a  chapter  on  the  intelligence  of  the  an- 
imal, viewing  its  nature  and  amount,  supplementing  the  discussion 
with  notes  on  the  various  ways  in  which  the  horse  manifests  its 
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mind,  its  wills,  emotions  and  opinions.  Horses  do  not  construct 
elaborate  bouses  like  the  ants  and  the  beavers ;  but  the  members  of 
all  species  occupy  their  daily  lives  in  some  habitual  industries  by 
means  of  which  they  wear  out  the  excess  of  muscle.  Sir  John  Lub- 
bock would  lead  us  farther,  and  show  us  that  horses  go  in  droves, 
follow  a  leader,  plan  migrations,  attacks,  and  defence,  amuse  them- 
selves, enjoy  one  another's  company,  improve  in  appearance,  in- 
telligence, and  usefulness  by  cultivation,  —  in  a  thousand  ways 
show  themselves  to  be  social  creatures.  At  last  Mr.  Mivart  would 
insist 'that  the  horse  has  its  habitude  (^cf?),  its  manner  of  action, 
its  economy  (oecology),  and  its  members  are  affected  in  a  charac- 
teristic manner  by  heat,  light,  moisture,  winds,  the  kind  and  qual- 
ity and  abundance  of  food  and  drink,  by  beneficial  or  injurious 
animal  neighbors^  and  by  the  vital,  procreativc,  inheritable  enei^ 
with  which  they  are  endowed.  These  and  many  other  kindred  in- 
quiries concerning  this  homogeneous  group  would  constitute  the 
science  of  hippology. 

The  conscientious  devotee  to  this  science  would  ft-equently  ask 
himself  what  practical  good  would  result  from  all  this  expenditure 
of  time,  thought,  and  resources  necessary  to  collect  specimens  and 
facts,  and  to  formulate  his  science.  Could  they  be  employed  on 
some  subject  more  ennobling  and  profitable  to  himself,  better  cal- 
culated to  inform,  enrich,  and  beautify  mankind? 

Now,  instead  of  horses,  let  us  substitute  the  gentts  Jiomo,  laying 
aside  all  predilections  ;  and,  if  possible,  let  us  imagine  the  student 
of  anthropology  to  belong  to  quite  anoth«t  genus  than  the  subject 
of  his  research.  He  would  have,  in  the  fourteen  hundred  millioos 
of  human  beings  now  living  on  the  earth,  and  in  the  remains  of  their 
congeners  slumbering  in  its  bosom,  perhaps  the  best  defined  group 
of  animals.  Calling  them  a  genus  or  a  species,  as  you  like,  they 
are  so  well  hedged  off  from  all  otlier  animal  groups  that  not  the 
least  embarrassment  has  ever  disturbed  the  naturalist  in  distin- 
guishing the  anthropos  even  from  the  anthropoid.  No  one  was  ever 
puzzled  to  tell,  concerning  any  living  thing,  whether  or  not  it  was 
a  human  being.  The  earth  has  never  yielded  a  bone  concerning 
which  the  practical  anatomist  stood  in  doubt  whether  it  had  been 
once  part  of  a  human  body. 

Now,  I  take  it  for  granted  that  any  inquiry  whatever  which  would 
be  useful  or  entertaining  respecting  another  species  would  be  inten- 
sified in  importance  having  man  for  its  object.    Indeed,  there  are 
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few  questions  which  naturalists  are  wont  to  propose  to  tneir  groups 
which  ought  not  to  be  carefully  considered  when  we  are  studying 
man.  Before  entering  upon  the  weighing  process,  therefore,  it 
may  make  our  task  more  easy  if  we  consider  the  present  scope  of 
anthropology,  and  briefly  pass  in  review  some  of  the  questions 
which  are  being  propounded  by  anthropologists  every  day. 

When  did  man  firat  appear  on  earth,  —  at  what  time  and  in  what 
geological  horizon  ? 

Have  all  the  individuals  of  our  race  descended  from  a  common  hu- 
man ancestry?  in  other  words,  are  we monogenists,  or  polygenisls? 

Where  was  the  birthplace  of  humanity  ? 

What  manner  of  creatures  were  the  first  men  in  specific  charac- 
teristics, in  size,  aspect,  intelligence,  and  social  condition  ?  and 
how  did  he  get  here? 

To  all  such  queries,  Haeckel  aptly  gives  the  name  of  anthropog- 
eny ;  therefore,  in  order  to  be  anthropologists  we  must  be  anthro- 
pogenists. 

Another  set  of  questions  relates  to  that  stretch  of  time  which 
lies  between  the  pristine  man,  or  the  pristine  condition,  and  the 
beginnings  of  recorded  history. 

Have  we  complete,  irrefragable  evidence  that  our  race  has 
progressed  from  a  brute-like  condition,  in  which  it  was  devoid  of 
all  experience  and  appliances? 

What  application  must  we  make  of  Professor  Tylor's  belief  that 
civilizatioil  has  progressed  upward  like  a  column  of  vapor,  some 
parts  advancing  while  other  parts  are  being  rolled  downward,  but 
the  whole  ascending  and  expanding? 

Granting  that  there  has  been  improvement,  what  paths  have 
been  pursued  ? 

Speaking  of  our  own  peculiar  province,  what  is  the  real  import 
of  such  discoveries  as  those  of  Dr.  Abbott  and  Professor  Whitney 
in  establishing  the  great  antiquity  and  early  rudeness  of  the 
American  savage? 

Who  were  the  builders  of  the  mounds,  earthworks,  and  cliff-dwell- 
ings, and  the  stone  structures  of  Middle  America? 

What  were  the  functions  of  these  various  edifices  ? 

What  credence  is  to  be  given  to  the  early  historians  of  American 
coltnre? 

Already  we  have  our  schools  of  interpretation,  such  as  the  Ban- 
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croft  school  and  the  Morgan  school.  Where,  among  these  opposing 
schemes,  does  the  truth  lie  ? 

In  the  administration  of  this  science,  there  is  occupation  for  the 
greatest  diversity  of  talent.  The  biologists  of  our  time  are 
entering  into  the  minutest  inspection  of  the  life-history  of  each 
animal  form.  With  enthusiasm  the  embryologists  trace  the  modi* 
fications  of  structure  as  they  succeed  one  another  in  the  germ. 
Before  their  eyes  the  very  play  of  creation  is  dimly  shadowed,  and 
organic  structure  built  up.  They  pass  their  work  on  to  the 
anatomists  and  physiologists.  Now,  the  anthropologist  mast 
endeavor  to  comprehend  the  work  of  all  in  its  synthesis.  As  Newton 
and  Laplace  grasped  the  unity  and  organization  of  the  stellar 
world,  as  Humboldt  gazed  upon  all  created  things  as  elements  of 
the  universal  cosmos,  as  Darwin  first  conceived  the  consanguinity 
of  all  living  beings  and  their  mutual  help  or  harm  j  so  the  anthro- 
pologist seeks  to  unite  all  that  can  be  known  respecting  man  into 
a  comprehensive  science,  and  to  study  the  innumerable  correlations 
which  bind  the  most  incongruous  actions  and  thoughts  together  into 
harmony.  May  we  gain  help,  in  solving  questions  of  human 
origin,  by  carefull}'  observing  the  evolution  of  the  embi'yo? 

Does  a  knowledge  of  the  life  history  of  the  individual  furnish  a 
clew  to  the  life  history  of  the  species? 

What  does  a  comparison  of  the  anatomy  of  man  with  that  of 
the  quadrumana  say  respecting  the  genealogy  of  the  species? 

What  ere  the  proper  methods  and  instruments  of  anthropometry, 
— ob8er\'ing  the  growth  of  children  ;  the  dimensions,  angles,  and 
curves  of  the  cranium  ;  the  diversity  and  size  of  the  brain  according 
to  age  and  sex  and  race ;  the  weight  of  the  body ;  the  color  of  the 
skin,  hair,  and  eyes ;  the  muscular  movements ;  the  development  of 
faculties ;  longevity,  fecundity,  and  plasticity  under  change  of  envi- 
ronment ;  and  vigor?  and  what  are  the  legitimate  inferences  to  be 
drawn  from  such  investigations  ? 

Finally,  by  what  devices  can  the  multitudinous  correlations  of 
structure  and  function  in  the  human  body  find  expression  in 
graphic  methods  ? 

Another  set  of  observers  must  now  be  brought  into  this  great 
laboratory.  We  have  to  deal  with  a  group  of  animals  in  which 
intelligence  has  manifested  itself  to  such  a  degree  as  to  dominate 
all  other  functions.    Teleological  inquiries  can  be  no  longer  ex- 
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clnded.  Hitherto  the  application  of  scientific  methods  to  the  mind 
has  required  that  we  should  be  satisfied  with  sensuous  results  of 
thought,  and  forbidden  us  to  inquire  into  the  nature  of  the  mind 
itself.  Now,  we  are  met  at  the  outset  with  this  puzzling  question  : 
Shall  consciousness,  or  introspection  be  admitted  as  an  instrument 
of  obser^'ation  ? 

How  are  we  to  record  its  dicta?  and  how  (to  borrow  a  term 
from  the  astronomers)  shall  we  eliminate  the  personal  equation? 

Or,  if  we  are  not  in  a  position  to  admit  introspection  among  our 
tools  of  observation,  can  we  not  invent  some  delicate  apparatus 
by  means  of  which  the  strength  of  feeling  and  the  inmost  thoughts 
may  be  known  and  measured  ? 

Does  the  brain  generate  thought  as  the  liver  generates  bile  ? 

What  can  science  tell  us  concerning  the  existence  of  a  human 
soul,  non-material,  and  not  susceptible  of  measurement  by  the 
standards  of  well-known  forces  ? 

How  does  it  come  about  that  children  inherit  the  traits,  tenden- 
cies, and  faculties  of  their  progenitors? 

By  what  routes  does  the  mind  pass  on  its  way  from  infancy  to 
maturity  ? 

What  use  should  be  made  of  the  multitudes  of  inquiries  prose- 
cuted with  reference  to  the  minds  of  animals,  in  the  stady  of 
human  reason  ? 

The  student  of  anthropology  frequently  finds  himself  in  sympa- 
thy with  Wordsworth,  singing, — 

<*  Oor  birth  is  bat  a  sleep  and  a  forgetting; 
The  soul  that  rises  with  us,  oar  life's  star, 
Hath  had  elsewhere  its  setting, 
And  Cometh  from  afar." 

If,  as  Mr.  Spencer  says,  that  which  we  inherit  represents  the 
accumulated  experiences  of  a  thousand  generations,  is  it  also 
possible  to  retain  the  consciousness  of  those  experiences?  Will 
the  sensitiveness  of  consciousness  keep  pace  with  the  growth  of 
knowledge,  and  obviate  the  necessity  of  laborious  records?  In 
Tvhich  case  we  should  have  mental  and  spiritual  atavism  explained, 
and  that  universal  sympathy  felt  by  cultivated  people  for  those 
standing  on  the  lower  steps  of  civilization. 

Now,  whatever  thoughts  any  other  creature  than  ourselves  may 
have,  and  leaving  out  the  possibility  of  mechanical  mind-reading 
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in  the  future,  tip  to  this  time  the  only  knowledge  men  have  gained 
about  one  another's  thoughts  has  been  acquired  from  expression. 
The  expression  of  thought  is  language.  Dr.  Hoffman  finds  lan- 
guage in  rock  paintings  and  carvings  ;  Col.  Malleiy,  in  gestures; 
Mr.  Thomas,  in  the  Maya  hieroglyphics ;  and  the  glossoiogists,  in 
human  utterance.  Happily  for  us,  they  are  a  clever  set,  and  well 
up  in  their  craft.  Let  us  hear  some  of  the  questions  they  are 
discussing : — 

What  are  all  the  devices  employed  by  living  creatures  to  express 
their  thoughts,  emotions,  and  volitions  ? 

Which  took  precedence  in  the  origin  of  language,  signs,  or  vocal 
utterances? 

What  is  the  explanation  of  the  origin  of  langnage? 

What  light  does  language  throw  upon  the  origin  of  species? 

Is  the  evolution  of  language  a  safe  guide  to  the  knowledge  of 
the  unfolding  of  the  human  mind? 

By  what  lines  have  the  forms  of  speech  progressed  ? 

How  far  is  similarity  of  language  an  evidence  of  eonsangninity 
among  peoples  ? 

Is  there  a  genetic  relationship  between  monosyllabism,  polysyn- 
thetism,  and  inflection? 

What  credit  must  be  given  to  the  ear,  and  the  invention  of 
writing,  in  the  conservation,  and  lines  of  progress,  of  language? 

How  should  languages  be  classified  ? 

Here  we  may  leave  the  students  of  language,  and  take  a  new 
guide.  Looking  over  the  earth,  we  behold  men  divided  into  races 
or  consanguineous  groups,  filled  with  race  prejudices,  and  restricted 
by  race  capabilities. 

What  are  those  external  and  anatomical  characteristics  which 
have  become  transmissible  by  inheritance  ?  When  and  how  were 
they  fixed?  Are  we  to  imagine,  with  Dr.  Eollmann,  that  certain 
race  forms  were  fixed  far  back  in  the  past,  just  as  the  chemical 
elements  were  made  irresolvable  by  a  former  state  of  matter  ? 

Of  these  heritable  marks,  which  is  the  best  criterion  of  race,— 
the  skull,  the  color  of  the  skin,  the  texture  of  the  hair,  language, 
art,  social  organization,  or  mythology?  oris  it  certain  fixed  corre- 
lations of  these  and  other  characteii sties?  If  so,  what  are  the 
laws  of  correlation  and  conseiTation  in  the  races?  Should  the 
same  set  of  structures  be  depended  on  in  each  race  ?  How  many 
races  of  men  are  there?  and  are  these  species,  or  varieties? 
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In  what  manner  should  the  question  of  race  enter  into  the  ad- 
ministration of  politics,  economy,  education,  and  colonization? 

It  is  impossible  to  say  when  this  subject  of  race  first  became 
attractive  to  human  minds.  In  the  oldest  histories  and  on  very 
ancient  monuments,  are  to  be  seen  attempts  to  classify  the  families 
of  mankind.  In  all  the  encyclopaedias,  under  the  word  "  ethnology" 
will  be  found  the  schemes  of  modern  writers.  But,  since  the  com- 
mencement of  our  century,  the  subject  has  been  taken  out  of  the 
hands  of  individuals,  and  has  engrossed  the  attention  of  societies. 
Manuals  of  instruction  have  guided  the  voyager  and  the  traveller 
in  recording  the  characteristics  of  races.  In  Stanford's  Compen- 
diums,  based  on  von  Hellwald,  Prof.  A.  II.  Keane  has  commenced 
a  codification  and  synonymy  of  all  the  tribes  of  men.  This  he  pro- 
poses to  follow  up  with  a  biographical  dictionary  of  tribes.  The 
Bureau  of  ethnology  has  collated  the  names,  priscan  homes,  mi- 
grations, and  bibliography  of  all  the  North  American  Indian  tribes  ; 
so  that  we  are  in  a  fair  way  to  know  something  about  the  races  of 
men,  by  proceeding  from  particulars  to  a  general  view. 

Passing  from  man  to  his  works,  we  are  face  to  face  with  aesthetic 
and  practical  art  as  a  unique  study.  All  art  relates  to  human  de- 
sires for  food,  clothing,  shelter,  for  activity  in  peace  and  war,  for 
beauty,  for  social  and  spiritual  happiness.  Mr.  Tylor  has  taught 
us  to  look  upon  art  products  as  species  that  have  had  an  evolution, 
a  life  history  ;  and  this  was  very  nuich  the  plan  of  Gustav  Klemra. 
This  sort  of  study  has  captivated  many  anthropologists,  and  they 
are  asking  such  questions  as  these  : — 

Admitting  that  the  arts  have  been  progressive,  what  have  been 
the  lines  of  their  elaboration? 

May  we,  by  a  process  of  elimination,  trace  backward  the  life  his- 
tory of  each  art,  as  would  a  patent  attorney  or  a  chancery  lawyer? 

At  what  degree  of  workmanship  may  we  be  sure  that  flakes  of 
flint,  gashed  bones,  and  wrought  wood,  give  evidence  of  human 
handicraft? 

When  does  similarity  of  art-forms  indicate  social  or  commercial 
contact?  when,  consanguinity?  and  when,  merely  the  same  grade 
of  culture? 

Is  degenerate  art  a  facsimile  of  early,  progressive  art? 

Is  it  allowable  to  fill  up  the  gaps  in  the  arts  of  any  tribe  by 
seemingly  intermediate  forms  from  other  tribes  ? 

Whence  is  the  sense  of  beauty  ? 
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The  answers  which  we  unconsciously  give  to  these  queries  are 
the  major  premises  of  our  arguments  respecting  the  history  of  civ- 
ilizatlon. 

By  marriage  in  some  of  its  forms,  human  beings  are  united  into 
consanguineous  groups,  whose  varied  needs  demand  and  produce 
many  bonds  of  union,  and  widen  the  separation  from  other  groups. 
With  reference  to  each  set  of  duties  in  the  tiibe,  unwritten  or  writ- 
ten codes  embody  a  system  of  ethics,  regulating  conduct  in  every 
particular.  Farther  on  in  their  history,  groups  have  relations  of 
war  and  peace,  and  the  absorption  of  homogeneous  and  hetero* 
geneous  peoples  into  a  defined  area  gives  rise  to  nationalities. 

Were  men  ever  herded  together  in  promiscuity  ? 

What  were  the  earliest  forms  of  social  life? 

What  were  the  most  primitive  forms  of  marriage  in  groups? 

Have  all  the  tribes  of  men  passed  through  the  same  systems  of 
consanguinity  and  aflSnity  ? 

Can  the  highest  systems  of  altruistic  ethics  be  explained  hy 
natural  processes? 

What  are  the  most  beneficial  relations  of  labor  to  natural  re- 
sources? and  how  have  the  present  relations  been  bronght  about? 

What  is  the  history  of  the  control  of  the  body  politic  over  the 
individual,  and  of  the  jurisdiction  of  corporations  ?  and  to  what  ex- 
tent may  individual  freedom  be  controlled  without  discouraging 
private  ambition? 

What  has  been  the  life  history  of  communism,  crime,  fashion, 
and  politics? 

Is  it  possible  to  regard  and  define  facts  in  sociology  by  the  terms 
of  physical  science  ? 

Again,  these  human  beings  spend  a  great  portion  of  their  time 
acting  and  speaiiing  as  if  other  eyes  and  ears  than  those  of  mortals 
were  cognizant  of  them.  In  the  darlcest  nights,  at  the  rising  sun, 
throughout  the  day,  at  certain  seasons  of  the  year,  this  unseen 
world  is  invoked.  In  groves,  in  caverns,  in  estufas,  or  in  costly 
temples,  it  is  all  the  same :  praises,  petitions,  and  offerings  confront 
the  inscrutable  power  that  can  work  men  weal  or  woe. 

How  did  man  come  to  believe  in  the  animation  of  things,  fetiches, 
the  wanderings  of  ghost-souls,  spirits  benevolent  and  malignant, 
the  gods  of  classic  mythology,  and  the  Great  Father  of  all  ? 

What  are  the  first  conceptions  of  children  respecting  such  things? 
and  will  these  guide  us  aright  to  the  childhood  of  faith? 
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Has  the  history  of  mythology  run  parallel  with  the  history  of 
material  and  intellectual  progress? 

How  may  we  divest  ourselves  of  the  personal  equation,  and  learn 
the  true  psychology  of  savage  worship? 

Is  Dr.  Brinton  right  in  applying  the  rules  of  interpretation 
adopted  for  Aryan  mythology  to  American  Indian  myths,  and  in 
assuming  that  their  crude  stories  are  disguised  deifications  of  the 
phenomena  and  powers  of  nature  ? 

Finally,  as  men  wander  about  the  earth,  and  certain  families 
are  to  be  found  chiefly  in  certain  localities,  so  is  it  with  races. 
Longevity',  fecundity,  and  vigor  are  influenced  by  such  causes  as 
height  above  the  sea-level,  purity  of  the  atmosphere,  amount  and 
distribution  of  heat,  moisture,  winds,  fertility  of  the  soil,  and 
proximities,  whether  they  be  vegetal,  animal,  or  human,  whether 
they  be  beneficial  or  injurious. 

By  what  subtle  chemistries  of  the  things  around  us,  by  what  ex- 
posures in  this  terrestrial  camera,  come  to  pass  the  various  hues 
of  the  skin  and  hair  and  eyes,  the  long  skull  and  the  short  skull, 
the  long  face  and  the  broad  face,  and  the  fixed  compounds  called 
natural  characteristics  ? 

By  what  processes  of  selection  and  adaptation  has  this  cosmo- 
politan species  come  to  occupy  the  whole  earth,  its  genial  climes, 
its  frozen  areas,  and  its  fever-cursed  tropics? 

Is  it  possible  to  control  these  phenomena,  or  to  adjust  the  human 
machine  so  as  to  anticipate  and  assist  nature,  to  expedite  natural 
selection  and  the  survival  of  the  fittest?  or  even  to  subdue  nature, 
and  decide  for  her  what  shall  be  the  fittest  to  survive? 

From  this  hasty  survey  of  the  scope  of  anthropology,  we  return 
to  inquire  what  benefit  the  world  derives  from  the  cultivation  of 
this  science. 

I  answer,  first,  that  eveiy  study  is  improved  by  study.  All 
things  become  clearer  to  him  who  steadily  fixes  his  gaze  upon 
them.  The  sciences  all  began  with  vain  speculations*, — astronomy 
with  astrology,  chemistry  with  alchemy,  geology  with  cosmogo- 
nies, biology  with  nature-worship,  and  theology  with  mythology. 
Long  before  the  word  "  anthropology"  was  emploj'ed  in  its  present 
acceptation,  Alexander  Pope  wrote,  "  The  proper  study  of  man- 
kind is  man."  But,  millenniums  before  his  day,  mankind  studied 
mankind  by  the  light  of  their  time.  The  study  of  man  is  no  new 
thing,  therefore.    Now,  since  human  thought  has  ruui  and  will 
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continue  to  run,  in  that  direction,  it  becomes  oar  privilege  to  re- 
joice tliat  the  stream  has  in  these  last  days  run  wider  and  deeper 
and  clearer.  The  proper  study  of  mankind  is  the  scientific  study 
of  man,  the  multiplication  of  rigorously  exact  observations,  the 
collection  of  thousands  of  well-authenticated  specimens,  the  classi- 
fications of  both  observations  and  specimens  on  rational  bases, 
and  the  limitation  of  our  conclusions  to  the  extension  of  oar  prem- 
ises. Some  of  my  hearers  have  worked  systematically  and  patiently 
for  years  at  American  archeeology,  and  the  anthropology  of  the  mod- 
ern Indians ;  and  you  rejoice  with  me  to-day  that  oar  science  has 
at  last  attained  dignity  and  respect.  With  profound  veneration  I 
mention  the  names  of  Hildreth,  Atwater,  Stephens,  Gibbs,  School- 
craft, Morton,  Gallatin,  Wyman,  Squier,  and  Davis :  with  what 
buoyant  hope  they  looked  forward  to  this  da3-,  and  with  what  ex- 
quisite pleasure  must  such  living  witnesses  of  the  beginning  as 
Horatio  Hale,  Col.  Whittlesey,  Dr.  Jones,  and  Mr.  Hempstead 
now  contemplate  the  progress  of  solid  work !  The  Smithsonian 
Institution  will  have  to  republish  Squier  and  Davis,  with  many  ad- 
ditions and  corrections  by  Dr.  Rau  ;  the  Bureau  of  Ethnology  will 
antiquate  Schoolcraft  and  Gallatin  and  Gibbs ;  M(Hton*s  and  Wy- 
man's  work  will  be  entirely  superseded  by  that  of  the  Peabody 
Museum  and  the  Army  Medical  Museum.  The  Archseological  In- 
stitute of  America  will  throw  new  light  uix)n  the  researches  of 
Stephens ;  and  Mr.  II.  U.  Bancroft  will  make  it  entirely  unneces- 
sary to  wade  through  thousands  of  pages  of  ancient  Spanish  liter- 
ature. Therefore  the  first  and  most  beneficial  result  of  moilem 
anthropology  has  been  the  direction  of  an  immense  amount  of 
rambling  and  disorganized  labor  into  systematic  and  rational  em- 
ployment. This  clearing  of  rubbish,  correction  of  misconceptions, 
cultivation  of  a  modest  spirit,  willingness  to  abide  the  result, 
multiplication  of  materials,  refinement  of  instruments,  improve- 
ment of  processes,  in  a  study  which  thousands  are  determined  to 
pui^sue,  must  strike  every  thinking  person  as  a  wonderful  reforma- 
tion. 

Secondly,  the  value  of  a  study  must  be  estimated  by  its  effects 
upon  human  weal.  Farmers,  miners,  fishermen,  lumbermen,  me- 
chanics, are  slow  to  recognize  their  debts  to  the  man  of  science. 
But  who  can  estimate  the  millions  of  dollars  saved  by  such  studies 
as  those  of  Packard,  Riley,  and  Thomas,  on  the  grasshopper,  po- 
tato-beetle, and  army  and  cotton  worms,  and  the  confidence  engen- 
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dored  by  the  belief  that  a  knowledge  of  the  habits  of  these  animals 
would  lead  to  their  eonqaest?  It  would  take  but  a  few  moments  to 
show  that  this  argument  applies  with  manifold  force  to  the  study 
of  man  himself. 

It  is  not  enough  for  the  good  physician  to  know  the  nature  of 
remedies,  or  the  use  of  knives  and  diagnostic  apparatus.  Sad  will 
be  his  use  of  these  if  he  has  not  familiarized  himself  with  the 
structure  of  the  human  body  in  health  and  in  disease,  and,  above 
all,  if  he  has  not  made  a  correct  diagnosis  of  his  patient's  case. 
Are  not  all  the  questions  asked  in  the  first  part  of  this  discourse, 
and  many  others  agitated  b}'  anthropologists,  connected  with  hu- 
man welfare?  Do  they  not  relate  to  the  body,  mind,  and  speech  of 
man,  to  the  races  of  mankind,  their  arts,  amusements,  social  needs, 
political  organizations,  religion,  and  dispersion  over  the  earth? 
For  instance,  the  Fi*ench  in  Africa,  the  British  in  India,  and  our 
own  citizens  in  malarious  and  fever-laden  regions, —  have  they  not 
learned  from  loss  of  treasure,  ruined  health,  and  the  shadow  of 
death,  that  there  is  a  law  of  nature  which  cannot  be  transgressed 
with  impunity? 

It  is  the  same  with  sociology  and  religion.  The  pages  of  history 
glow  with  the  narratives  of  crusades  against  alleged  wrongs,  which 
were  in  reality  campaigns  against  the  sacred  laws  of  nature.  So- 
cial S3'stems,  which  had  required  centuries  to  crystallize,  have  been 
shattered  in  the  effort  to  bend  them  to  some  new  order  of  things. 
Arts  and  industries  planted  in  uncongenial  soil,  at  great  ex- 
pense, have  brought  ruin  upon  their  patrons,  who  had  not  studied 
the  intricate  laws  of  enviranraent. 

What  a  modification  of  temper,  for  instance,  has  been  wrought 
among  Indo-Germanic  peoples  by  those  studies  in  comparative 
philology  which  have  led  them  by  the  hand  back  to  their  priscan 
home,  and  demonstrated,  that  though  they  may  have  aggregated 
into  antagonistic  nationalities,  and  fostered  inimical  industries, 
the  same  blood  courses  through  their  veins ! 

The  better  knowledge  of  race  and  race  peculiaiities  has  revolu- 
tionized and  humanized  the  theories  of  aborigines.  The  doctrine 
of  extermination,  formerly  thought  to  be  the  only  legitimate  result 
of  colonization,  has  become  as  odious  as  it  is  illogical. 

The  inductive  study  of  mind  has  hardly  begun  ;  but  how  much 
more  successfully  and  rapidly  will  education  and  the  development 
of  the  species  progress  when  the  teacher  and  the  legislator  can  pro- 
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ceed  at  once  from  diagnosis  to  safe  prescription,  when  nataral  se- 
lection and  human  legislation  shall  cooperate  in  the  more  speedy 
survival  of  the  fittest  1  The  time  seems  to  me  to  have  arrived  when 
our  great  anthropological  societies  and  institutions  should  institute 
a  systematic,  cooperative  study  of  psychology. 

In  a  land  where  the  archaeologist  may  tally  off  most  of  his  finds 
by  savage  implements  in  use  at  his  very  door,  it  seems  like  pre- 
sumption to  speak  to  you  of  the  advantages  of  the  most  careful 
archaeological  methods.  But  there  is  a  difference  between  the  old 
and  the  new  archseology.  There  are  times  in  the  settlement  of  a 
new  country,  when  every  man  is  his  own  carpenter,  smith  and 
ph^'sician.  But  how  soon  your  energies  have  worked  out  of  that ! 
Now  I  speak  only  of  professional  archaeology  and  its  advantages* 
How  many  errors  of  his  pi^edecessors  has  Mr.  Putnam  alone  cor- 
rected ?  We  have  all  read  with  pleasure  his  recent  correction  of 
Dr.  Hildreth*s  mistakes  about  iron  in  the  mounds.  It  is  so  with 
your  archaeological  collections :  only  those  gathered  in  a  scientific 
spirit  will  have  any  lasting  value.  But  in  the  accumulation  and 
preservation  of  such,  you  are  the  storers  of  force  of  the  greatest 
value.  You  are  recovering  the  scattered  fragments  of  an  ancient 
mosaic  which  will  one  day  be  reset,  and  its  legend  will  be  the  lost 
history  of  prehistoric  man. 

The  third  benefit  to  which  I  will  call  your  attention  is  the  op- 
portunity which  the  science  affoixis  for  the  exercise  of  every  talent, 
even  the  highest.  The  difficulty  of  any  problem  depends  upon  the 
number  or  the  degree  of  its  unknown  quantities.  When  facts  were 
few,  and  the  data  of  our  science  were  beclouded  with  many  sources 
of  error,  no  wonder  that  men  of  logical  minds  left  these  investiga- 
tions to  those  of  a  more  imaginative  disposition.  Their  crude, 
preliminary  efforts  have  given  place  to  organized  work,  directed  by 
men  of  the  greatest  executive  ability,  assisted  by  skilful  special- 
ists, and  endowed  both  by  private  munificence  and  by  public  appro- 
priation. Not  to  go  beyond  the  limits  of  our  own  country,  we  all 
point  with  pride  to  the  Peabody  Museum,  the  Archaeological  Insti- 
tute of  America,  the  American  Antiquarian  Society,  the  museums 
of  New  York  city  and  of  Philadelphia,  the  Smithsonian  Institution, 
National  Museum,  Bureau  of  Ethnologj-,  Army  Medical  Museum, 
and  the  Anthropological  Society  at  Washington,  the  academies  of 
Cincinnati,  St.  Louis,  and  Davenport,  and  the  historical  societies 
of  many  of  our  states,  including  the  Minnesota  collections. 
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Now,  the  special  merit  of  such  great  centralization  of  resources 
is  that  ever}'body  can  study  something.  It  is  possible  for  every 
craft  and  profession  thus  to  prosecute  its  researches  and  to  make 
its  contnbutions.  During  the  past  winter,  papers  were  read  before 
the  Anthropological  Society  at  Washington  by  comparative  anato- 
mists, biologists,  archaeologists,  geologists,  physicians,  pale- 
ographers, sign-linguists,  philologists,  patent-examiners,  artists, 
statisticians,  sociologists,  clergymen,  metaphysicians,  and  ethnog- 
raphers. And  this  does  not  exhaust  the  scheme*  Mothers, 
school-teachers,  those  in  charge  of  the  insane,  of  the  criminal,  and 
of  the  defective  classes,  lawyers,  mechanics,  musicians,  philanthro- 
pists, legislators,  may  all  contribute  to  this  science  some  handi- 
work which  will  help  to  make  the  pile  complete.  To  be  still  more 
personal,  permit  me^  to  say  to  each  one  before  me,  that  there  is 
anthropological  work  which  your  peculiar  occupation  fits  you  to  do 
better  than  any  one  else  on  earth.  For  example,  a  distinguished 
ornithologist,  Mr.  Henshaw,  has  recently  identified  all  the  birds 
in  the  well-known  mound-pipes.  An  artist,  Mr.  Holmes,  has  suc- 
ceeded in  bringing  order  out  of  confusion  in  the  shell  ornaments  of 
the  mounds.  A  patent-examiner,  Mr.  Seely,  traces  backward  ab- 
original art.  A  general  in  the  British  army,  Pitt-Rivers,  worked 
out  the  history  of  the  elaboration  of  the  implements  of  wai*.  An 
educator,  Mr.  Peckham,  has  recently  given  us  the  result  of  a  labo- 
rious investigation  on  the  growth  of  children.  The  geologists 
must  interpret  for  us  the  significance  of  our  discoveries  in  the  drift. 
Where  can  I  stop  ?  I  will  boldly  avow  that  the  day  of  tyros  is 
gone.  There  is  a  great  multitude  of  collectors  throughout  our 
states  who  will  have  to  go  to  school  to  Professor  Putnam,  or  Dr. 
Rau,  or  Dr.  Thomas,  before  they  will  have  the  faintest  conception 
of  the  significance  of  their  treasures. 

The  inevitable  result  of  special  research  is  generalization.  Kep- 
ler, Newton,  Count  Rumford,  Kirchhoff,  Bunsen  and  Darwin,  are 
names  that  stand  for  these  processes  in  material  science.  To 
Herbert  Spencer  we  are  indebted  for  the  first  effort  in  this  direc- 
tion respecting  human  phenomena,  and  his  work  will  be  revised 
and  corrected  by  those  who  will  approach  the  task  with  better  in- 
struments and  more  reliable  material. 

In  this  heaving  mass  of  humanity,  returning  into  itself  ever 
with  vast  gulf-streams  and  eddies,  each  actuated  by  its  special 
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forces,  there  is,  after  all,  orderly  motion.  We  discover  that  car 
little  circle  is  part  of  a  greater  circle,  and  for  a  moment  the  mind 
is  satisfied  in  the  contemplation  of  this  wider  truth.  Recovering, 
and  renewing  our  investigation,  the  fact  is  reached,  that  this  and 
its  congeneric  circles  are  part  of  a  greater  movement  more  com- 
plicated and  perplexing.  By  the  pursuit  of  this  wider  knowledge 
the  intellect  is  strengthened,  and  thereby  is  brought  about  tlie 
natural  selection  of  the  mind.  While  many  tire,  or  are  unable  to 
comprehend  the  situation,  others  press  on,  and  grow  strong  by  the 
effort. 

The  last  advaptage  of  which  my  time  will  allow  me  to  speak,  is 
the  assistance  which  such  studies  render  to  philanthropy  and  leg- 
islation. 

Standing  on  the  deck  of  a  steamer,  and  looking  at  the  land  left 
behind,  we  seem  to  be  but  a  mile  or  two  away.  We  are  surprised 
with  the  information,  that  what  seems  so  near  is  many  miles  dis- 
tant. It  is  80  with  human  history.  In  our  childhood  we  believed 
that  the  first  man  walked  the  earth  only  a  few  centuries  ago.  All 
tlie  events  known  to  us  then  could  easily  have  occurred  in  that 
brief  period.  The  increase  of  knowledge  expands  the  boundaries 
of  time,  and  the  origin  of  man  is  now  lost  in  the  mists  of  tlie 
past.  Could  anything  fill  our  minds  with  greater  love  for  our  race 
than  the  magnificent  struggle  they  have  made  in  these  millenni- 
ums ?  At  the  other  end  of  the  journey  we  were  little  better  than 
brutes,  and  now  we  look  out  upon  tlie  cosmos  as  something  rea- 
sonably comprehended. 

If  "  pity  for  a  horse  o'er-driven  "  fills  the  heart  of  the  poet,  with 
what  tenderness  should  we  look  upon  the  savage  races,  and  re- 
member that  the  whole  family  of  man  has  stopped,  some  time  or 
other,  at  that  way-side  inn  !  Each  aberrant  form,  abnormality, 
criminal,  dwarf  and  giant,  shows  the  by-paths  of  human  growth 
into  wiiich  our  life-stuff  may  have  wandered.  The  arrow  is  the 
parent  of  the  cannon-ball ;  the  stone  or  bone  st)ear-[>oint,  of  the 
bayonet ;  the  flint  chip,  of  all  edged  tools ;  the  cave-man,  of 
the  French  savant;  the  hut,  of  the  palace ;  the  tattoo,  of  regalia; 
the  gorget,  of  the  crown  jewels ;  the  quipu  and  pictograph,  of  the 
printed  hook  ;  promiscuous  concubinage,  of  holy  wedlock ;  the  hunt- 
ing-party of  society  ;  the  clan,  of  the  state ;  the  fetich,  of  the  pan- 
theon ;  and  universal  animism,  of  universal  causation.    Instead  of 
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our  ancestral  belief  in  a  tree  with  roots  in  the  earth  and  branches 
in  heaven,  onr  tree  has  its  roots  in  the  past,  and  is  ever  putting 
forth  leaves  and  flowers  in  a  brighter  present. 

All  sciences  are  retrospective.  The  astronomer,  the  physicist, 
the  biologist,  find  the  bases  of  their  prophecies  in  the  past  history 
of  the  universe.  The  statesman,  if  he  be  wise,  will  imitate  their 
example,  and  feel  secure  of  his  legi^slation  for  the  future  only  so 
far  as  it  is  founded  upon  an  intimate  knowledge  of  the  past. 

The  value  of  this  study  to  philanthropy  is  easily  shown.  With 
what  admiration  do  we  read  of  the  devotion  of  those  missionaries 
who  have  suffered  the  loss  of  all  things  in  their  propagandist  zeal. 
Science  has  her  missionaries  as  well  as  religion,  and  the  scien- 
tific study  of  peoples  has  notably  modified  the  methods  of  the 
Christian  missionary.  The  conviction  that  savage  races  are  in 
possession  of  our  family  records,  that  they  are  our  elder  kindred, 
wrinkled  and  weatherbeaten  mayhap,  but  yet  woithy  of  our  highest 
respect,  has  revolutionized  men's  thoughts  and  feelings  i*espect- 
ing  them*  The  Bureau  of  Ethnology  has  its  missionaries  among 
many  of  the  tribes  in  our  domain,  no  longer  bent  on  their  destruc- 
tion, but  treating  them  with  the  greatest  consideration,  in  order 
to  win  their  confidence,  to  get  down  to  their  level,  to  think  their 
thoughts,  to  charm  from  them  the  sibylline  secrets.  It  sounds 
something  like  the  old  Jesuit  relations,  to  hear  of  Mr.  Gushing  at 
Zuni,  eating  vile  food,  wearing  savage  costume,  worshipping  na- 
ture-gods, subjecting  himself  to  long  fasting  and  vigils,  commit- 
ting to  memory  dreary  rituals,  standing  between  disarmed  Indians 
and  their  white  enemies  on  every  hand,  in  order  to  save  their  con- 
tributions to  the  early  history  of  mankind.  You  will  recall  the 
fact,  that  an  honorable  senator  more  than  a  year  ago  offered,  as 
an  argument  against  sudden  disruption  of  tribal  affinities,  an  elab- 
orate scheme  of  the  Wyandotte  confederacy.  Max  Miiller  says, 
"  He  who  knows  little  of  those  who  preceded  him  is  likely  to  care 
little  for  those  who  come  after.  Life  would  be  to  him  a  chain  of 
sand,  while  it  ought  to  be  a  kind  of  electric  chain  that  makes  our 
hearts  vibrate  with  the  most  ancient  thoughts  of  the  past  as  well 
as  the  most  distant  hope  of  the  future." 

In  the  study  of  this  anthropo-cosmos,  as  in  other  studies,  we 
are  brought  face  to  face  with  the  inscrutable.  In  these  voyages 
of  discovery  we  have  no  right  to  expect  that  we  shall  ever  find  a 
passage  to  the  ultimate  truth.    As  with  the  child,  so  with  the  man ; 
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as  with  the  individual,  so  with  the  race ;  as  in  the  past,  so  in  the 
present  and  the  future, —  the  solution  of  one  problem  only  prepares 
the  way  for  many  far  more  complicated.  With  all  our  sciences 
comes  the  consciousness  of  new  ignorances.  There  is  more  known 
to  be  unknown  now  than  when  wise  men  knew  that  they  did  not 
understand  many  things  well  known  to  us.  So  will  it  ever  be. 
Just  about  one  hundred  years  ago,  Peter  Camper's  measurements 
of  the  facial  angle,  with  a  few  observations  on  height  and  weight, 
were  thought  to  be  all  that  anthropometry  could  furnish  to  the  nat- 
ural history  of  man.  In  1881,  Paul  Broca  laid  down  for  the  skull 
and  the  encephalon  more  than  one  hundred  and  fifty  measurements ; 
and  the  Grermans  go  beyond  that.  Think  you,  the  weighing  and 
measuring  will  stop  at  these  ?  We  are  just  on  the  threshold  of  ap- 
plying experienced  training  and  instruments  of  precision  to  the 
study  of  man.  Examine,  if  you  please,  the  circulars  for  informa- 
tion issued  by  the  old  Paris  ethnological  society,  Albert  Gallatin, 
Lepsius,  Max  Muller,  and  the  Smithsonian  Institution,  with  those 
published  for  the  Novara  expedition,  by  the  British  Association, 
Kaltbriinner,  Roberts,  the  new  Paris  society,  or  Major  Powell, 
and  you  will  have  ocular  evidence  of  the  advance  of  anthropology. 

But  there  is  no  Ultima  Thule  in  science.  No  question  pro- 
pounded to  natui'e  will  ever  be  answered.  I  can  imagine  the  night 
of  despair  that  would  settle  around  any  one  of  my  hearers  when 
he  had  reached  the  consciousness  of  having  gathered  the  whole 
harvest  of  truth.  On  the  other  hand,  I  am  sorry  to  hear  any  of 
our  great  thinkers  uttering  the  words  ignoramus  et  ignorabimus  as 
a  wail  of  despair.  They  should  be  to  all  the  sweet  voice  of  hope. 
They  do  not  mean  that  we  know  nothing,  or  that  we  shall  ever  re- 
main totally  ignorant.  Fresh,  vigorous,  buoyant,  science  feels  it- 
self to  be  on  a  pleasant  Journey,  whose  destination  may  remain 
unknown,  but  every  mile  of  whose  progress  unfolds  new  vistas  of 
beauty  and  variety  in  nature,  each  transcending  the  other. 

I  congratulate  you,  dear  IViends,  that  the  American  Association 
has  delegated  to  you  such  an  important  trust.  The  illustrious 
names  to  be  found  among  our  members  and  fellows  are  a  sufficient 
guaranty  that  you  have  lighted  your  torches,  and  that  our  science 
will  not  be  a  laggard  in  this  grand  march.  Professor  Henry  said, 
in  1859,  «^The  grand  statement  cannot  be  too  often  repeated,  that 
each  branch  of  knowledge  is  connected  with  every  other,  and  that 
no  light  can  be  gained  in  regard  to  one  which  is  not  reflected  upon 
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all"  (Smith.  Rep.,  1859,  p.  15).  We  may  go  farther,  and  say, 
that,  whenever  any  marked  generalization  is  made  in  any  science, 
all  other  sciences  proceed  at  once  to  put  themselves  in  line  with 
the  new  order.  It  is  the  duty  of  the  anthropologists,  therefore, 
not  only  to  rejoice  in  the  growing  light  of  chemistry  and  biology, 
but,  quickened  by  their  warmth,  to  put  forth  new  life  and  vigor, 
and  to  apply  to  their  investigations  the  most  refined  instrumental- 
ities and  the  most  subtile  thought ;  believing  with  Lord  Lytton 
"  that  man  is  a  subject  of  far  nobler  contemplation,  of  far  more 
glowing  hope,  of  a  far  purer  and  loftier  vein  of  sentiment,  than  all 
the  *•  floods  and  fells'  in  the  universe.'' 
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A  Classification  op  the  Sciences.    By  J.  W.  Powell  of  Wash- 
ington, D.  C. 


Vestiges  of  Glacial  Man  in  Central  Minnesota.    By  Franc 
E.  Babbitt  of  Little  Falls,  Monison  county,  Minn. 

[ABSTSACT.] 

During  the  open  winter  of  1878-79  and  the  season  immediately 
succeeding  it,  the  writer  of  this  paper  gave  much  time  to  searches 
upon  certain  terrace  surfaces  of  the  Mississippi  river,  for  palaeo- 
lithic remains  supposed  to  exist  at  the  locality  under  examination. 
Rudely  worked  quartzes  had  previously  been  discovered  here  by 
the  state  geologist  of  Minnesota,  Prof.  N.  H.  Winchell,  by  whom 
they  had  been  described  and  figured  in  the  state  geological  report 
for  1877.  The  field  thus  explored  lies  in  central  Minnesota,  about 
100  miles  northwest  of  St.  Paul,  and  within  the  township  and  vil- 
lage of  Little  Falls,  Morrison  county. 

The  find  reported  by  Pi-of.  Winchiell  consists  of  chipped  objects 
of  a  class  generally  ascribed  to  what  is  called  the  rude  stone  age. 
Of  these  many  appear  to  be  mere  refuse,  while  others  are  regarded 
as  finished  and  unfinished  implements.  The  Winchell  specimens 
have  been  assigned,  upon  geological  ground,  to  a  prehistoric  era 
antedating  that  of  the  mound-building  races,  and  reaching  back  to 
a  time  when  the  drift  material  of  the  terrace-plain  was  just  receiv- 
ing its  final  superficial  deposit.  It  is  found  that,  at  intervals,  the 
surface  soil  of  the  terrace  contains  these  quartzes  to  a  depth  of, 
not  unfrequently,  three  or  four  feet. 

The  lowest  and  newest  formation  at  this  place  is  the  present 
flood-plain  of  the  river.  It  is  still  in  process  of  deposition,  being 
yet  subject  to  partial  overflows  at  periods  of  exceptionally  high 
A.  A.  A.  s.,  VOL.  xxxn.  25  (885) 
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water.  In  that  portion  of  the  town  of  Little  Falls  situated  east 
of  the  Mississippi,  this  bottomland  is  limited  on  the  east  by  a 
high  ancient  river-terrace,  which  has  here  an  average  elevation  of 
about  25  feet  above  the  river  at  the  head  of  its  rapids  called  Little 
Falls  (of  seven  feet  descent)  and  has  a  width  ranging  from  less 
than  a  mile  up  to  several  miles.  Tliis  older  terrace,  like  the  pres- 
ent flood-plain,  has  been  spread  out  by  the  immediate  action  of  wa- 
ter. It  consists  of  stratified  gravel  and  sand,  and  forms,  according 
to  Mr.  Warren  Upham,  assistant  on  the  state  geological  survey,  a 
part  of  the  modified  drift  which  was  deposited  at  the  close  of  the 
last  glacial  epoch  of  the  great  ice  age,  bj'  the  floods  that  descended 
along  this  valley  from  the  melting  and  retreating  ice-sheet,  being 
derived  from  the  portion  of  the  drift  which  had  been  contained  in 
the  lower  part  of  the  ice. 

While  occupied  in  examining  the  river  bank  at  Little  Falls  in 
quest  of  wrought  quartzes,  one  day  during  the  season  of  1879,  I 
had  occasion  to  ascend  a  slope  lying  between  the  new  flood-plain 
and  the  older  terrace,  by  a  path  leading  through  a  sort  of  gap  or 
notch  in  the  latter  (310  rods,  verj'  nearly,  or  almost  one  mile, 
north  of  the  east- west  road  by  Vasaly's  hotel;  10  rods  west  of 
the  road  to  Belle  Prairie ;  and  38  rods  from  the  river).  For  the 
purpose  of  more  pronounced  distinction  I  will  denominate  the 
lower  and  higher  levels  under  consideration  as  bottomland  and 
terrace-plain,  respectively.  It  seemed  that  at  some  past  period  a 
cut  had  been  effected  here  by  drainage,  and  that  the  washout  thus 
formed  had  afterward  been  deepened  by  l>eing  used  now  and  then 
as  a  wagon  track.  In  this  notch  I  discovered  the  soil  to  be  thickly 
strewn  with  pieces  of  sharp,  opaque  quartz.  These  were  commonlj" 
of  a  white  color,  and  ranged  in  size  from  minute  fragments  to  bits 
as  large  as  a  man's  hand,  and  in  some  instances  even  larger. 
There  were  many  hundreds  of  these  chips  visible,  scattered  over 
an  area  the  width  of  the  wagon  road,  and  ten  or  fifteen  yards  in 
length.  They  were  conspicuously  unwaterworn,  and  likewise 
mostly  unweathered,  though  occasionally  a  bit  was  picked  up 
having  some  one  of  its  surfaces  weathered,  while  fractured 
or  wrought  faces,  appearing  upon  other  parts  of  it,  looked  as 
fresh  as  if  the  work  of  yesterday.  On  the  other  hand,  the  mass 
of  stone  rubbish  upon  and  among  which  the  quartzes  were  strewn 
is  much  waterwom,  many  of  the  pieces  being  well  roanded,  while 
none  of  them  are  wholly  angular. 
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By  coniinaed  observations  at  this  locality,  I  found  that  many  of 
these  quartz  chips  were  brought  to  light  at  every  succeeding  freshet 
of  the  season,  being  washed  out  of  the  sand  by  descending  drain- 
age. Tlieir  immense  and  continuall}'  increasing  numbers  seemed 
to  warrant  the  belief  that  they  had  resulted  from  systematic  oper- 
ations of  some  sort,  once  conducted,  for  unknown  purposes,  upon 
this  particular  spot.  A  portion  of  the  studied  specimens  subse- 
quently yielded  evidence  of  having  received  shape  from  human 
bands,  and  therefore  it  was  assumed  provisionally  that  the  site  of 
exposure  represented  a  prehistoric  workshop. 

Prolonged  investigation  ensued ;  and  investigation  established 
the  hitherto  unsuspected  fact  that  no  quartz  chips  or  fragments 
were  enclosed  in  the  upper  part  of  the  gravel  and  sand  terrace  at 
the  notch,  nor  within  a  considerable  distance  at  either  hand, 
though  they  were  sought  with  careful  scrutiny.  Since  November, 
1879,  at  which  time  the  studies  here  recorded  were  in  active  prog- 
ress, the  wagon  track  before  mentioned  has  been  converted  to 
public  use  as  a  highwa}',  and  has  been  repeatedly  graded  in  con- 
sequence. As  might  be  conjectured,  the  ground  has  been  much 
dug  over,  the  stratum  being  at  present  almost  broken  up  and 
destroyed,  if  not  wholly  so.  During  three  successive  seasons  the 
road  has  been  in  a  stat^  of  almost  constant  repair,  owing  to  its 
being  continually  used  for  the  heavy  work  of  dragging  logs  from 
the  bottomland  to  the  top  of  the  terrace-plain.  From  this  cause 
the  topography  of  the  spot  has  been  materially  modified  of  late, 
while  quartz  chips  from  the  bed  of  the  notch,  as  likewise  from  the 
stratum  at  first  undiscovered,  have  been  much  mixed  up  with  the 
surrounding  soil.  Primarily,  however,  as  I  permit  myself  to  reit- 
erate by  way  of  emphasis,  I  could  not,  with  a  great  deal  of  pains- 
taking, find  any  superficially  inhumed  quartz  fragments  at  the  point 
of  observation,  although,  as  shown  by  Prof.  Winchell,  and  as  I 
have  myself  had  abundant  occasion  to  observe,  such  qnartz-chii>- 
pings  occur  in  the  surface  stratum  of  the  terrace- plain  at  various 
isolated  localities  in  the  vicinity.  So  far  as  I  have  been  able  to 
judge,  these  appear  in  groups  which  are  surrounded  by  considerable 
areas  containing  none.  The  absence  of  chips  above  a  plane  a  foot 
or  two  superior  to  that  of  their  bed  at  the  bottom  of  the  notch, 
was,  of  course,  a  marked  circumstance,  since  they  should  have 
occurred  plentifully  in  the  superficial  stratum,  had  the  notch  chips 
been  of  the  same  age  with  Prof.  Winchell's  find. 
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Ultimately  it  was  ascertained  that  the  notch  quartzes  had 
dropped  to  the  level  at  which  they  were  seen  from  a  thin  layer  of 
them  once  13'ing  from  ten  inches  to  two  feet  al>ove  it,  and  subse- 
quently broken  up  through  the  wearing  away  of  the  sand  under- 
neath by  drainage.  This  layer  or  stratum  was  still  intact  on  the 
north  and  south  and  partially  so  on  the  east,  in  which  direction  it 
had,  however,  at  certain  points,  suffered  some  displacement  by 
wagoning.  It  extended  in  a  nearly  horizontal  plane  into  the  terrace, 
in  the  sloping  edge  of  which  the  notch,  opening  into  its  west  bank 
and  truncated  at  its  edge,  is  cut.  The  eroded  gap  in  this  stratum 
was  oblong  in  shape.  Its  outlines,  lying  within  the  slopes  of  the 
notch,  were  masked  from  ordinary  observation  by  thin  slides  of  soil 
from  higher  surfaces.  Both  the  inferior  and  superior  planes  of  the 
quartz-bearing  stratum  were  sharply  defined.  Its  horizontal 
boundaries  had  not  been  distinctly  reached  in  any  direction  at  the 
time  of  excavating  for  the  road,  and  tliey  have  since  been  partially, 
and  perhaps  wholly,  obliterated  by  the  grading  and  digging  over 
to  which  the  spot  has  been  subjected.  At  the  west,  the  stratum 
reached  to  the  limit  of  the  tenace,  which  is  bounded  by  a  steep 
slope.  The  quartz-bearing  layer  averaged  a  few  inches  only  in 
thickness,  varying  a  little  as  the  included  pieces  happened  to  be  of 
smaller  or  larger  size.  The  contents  were  commonly  closely  com- 
pacted, so  much  so  that  one  might  sometimes  extract  hundreds  of 
fragments,  many  of  them  very  small  ones,  of  course,  from  an  area 
of  considerably  less  than  a  square  yard. 

The  quartz  bed,  so  far  as  examined,  rested  ui>on  a  few  inches  of 
sandy  soil,  which  passed  downward  into  a  coarse,  waterwom 
gravel,  immediately  overl}  ing  till.  Above  the  quartz  chips,  strat- 
ified gravel  and  sand  extend  up  to  the  surface  of  the  terrace. 
The  pebbles  of  the  gravel  lying  directl}'  on  the  quartz-bearing 
stratum,  were  small  and  well  rounded,  and  were  noticeably  less 
angular  than  those  of  the  gravel  below.  The  stratum  of  quartz 
chips  lay  at  a  level  some  twelve  or  fifteen  feet  lower  than  the  plane 
of  the  terrace-top. 

These  observations  show  that  the  quartz  chips  were  spread 
originally  upon  an  ancient  surface  that  has  been  since  covered 
deeply  by  the  modified  drifts  which  forms  the  terrace.  It  will  be 
remembered  that  the  quartz  chips  and  implements  discovered  by 
Prof.  Winchell  in  this  vicinit}'  are  contained  in  the  upper  stratum 
of  the  terrace-plain ;  but  the  notch  quartzes  do  not  occur  at  the 
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terrace-top,  and  cannot  have  been  derived  from  it,  but  are  confined 
strictly  to  a  single  stratum  of  the  lower  gravels  closely  overlying 
the  till.  Hence  the  two  sets  of  objects  cannot  be  synchronous, 
though  they  may  have  been  produced  by  the  same  race  at  different 
stages  of  its  existence.  The  notch  quartzes  must,  of  course,  be 
older  than  those  described  by  Prof.  Winchell,  by  at  least  the  lapse 
of  time  required  for  the  deposition  of  the  twelve  or  fifteen  feet  of 
modified  drift  forming  the  upper  part  of  the  terrace- plain,  above 
the  quartz-bearing  stratum. 

Some  of  the  quartz  chips  in  the  stratum  have  been  distinctly 
arranged  upon  the  floor  of  deposit  in  little  rudely  assorted  heaps 
or  groups  of  objects  of  particular  types.     During  the  summer  of 
1879,  upon  the  day  when   the  existence  of  the  quartz-bearing 
stratum  was  first  definitely  settled,  I  collected  from  it  about  half 
a  peck  of  the  quartz  pieces.     Among  these  appeared  a  group  of 
specimens  numbering  a  dozen  or  more,  which  belonged  to  a  tj'pe 
unknown  to  me  at  the  time.  The  most  finished  implements  of  this 
shape  have  delicate  fragile  edges,  formed  by  a  single  thin  leaf  of 
the  quartz  prolonged  beyond  the  mass  of  the  object  in  a  series  of 
irregular  minute  notches.     Further  exploration  of  the  site  contin- 
ued up  to  the  present  time,  has,  so  far  as  observed,  failed  to 
unearth  a  single  specimen  of  the  same  class  elsewhere.     Whether 
we  assume  these  small  articles  to  be  natural,  or  artificial  produc- 
tions, or  whether,  again,  we  hold  them  to  be  natural  forms  more  or 
less  modified  by  the  hand  of  man,  there  is  no  escaping  the  con- 
viction that  the  grouping  together  of  these  and  other  like  objects 
is  wholly  the  work  of  intention.    Previous  to  the  discovery  here 
narrated,  I  had  several  times  chanced  upon  bunches  of  specimens 
of  a  common  figure  lying  in  separate  groups  in  the  sand  at  the 
edge  of  the  stratum,  apparently  just  washed  out  of  it.     Similar 
assortments  of  specimens,  having  a  common  form,  have  been 
brought   to  light   in   many   portions   of   the   stratum.      Indeed, 
wherever  I  unearthed  any  individual  object  of  comparatively  large 
size,  it  was  very  often,  though  by  no  means  invariably,  found  to 
be  associated  closely  with  others  of  a  kindred  type.     I  have  ex- 
humed from  this  place  groups  of  axe-like  quartzes,  of  rasping 
stones,  of  broken  implements,  of  long  prong-shaped  objects  perhaps 
utilized  b}'  primitive  man  as  weapons,  and  of  other  rudely  fashioned 
pieces-     There  were  also  quartz-fragments  of  several  forms,  which 
were  scattered  through  the  whole  de[)osit,  such  as  hammer-stones 
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of  different  shapes,  sharp  pieces  adaptable  as  cutting  blades,  and 
a  great  many  sharp  and  long  splinters. 

These  quartzes  include  many  distinct  varieties  of  the  mineral, 
showing  marked  differences  of  opaqueness,  color,  hardness,  manner 
of  fracture  and  admixture  of  foreign  matter.  The  greater  part  of 
them  were  apparentl}'  taken  from  the  quartz-bearing  slate  in  the 
vicinit}'.  The  mode  of  occurrence  of  the  more  unusual  specimens 
is  noteworthy  and  leads  to  the  inference  that  the}'  ma}-  have  been 
fashioned  from. drift  bowlders,  numbers  of  them,  indeed,  having 
been  evidently  formed  of  waterworn  pebbles.  Objects  sha[>ei1  from 
some  special  variety  of  quartz  not  unfrequently  present  themselves 
in  loose  groups,  varying  in  number  fmm  two  or  three  to  a  dozen 
pieces.  Thus  a  single  specimen  of  a  tinted,  mottled,  or  otherwise 
distinguishable  qualit3s  has  quite  commonly  been  found  associateil 
with  a  few  otliers  of  the  same  kind  of  quartz.  When  one  of  these 
is  of  comparatively  large  size,  the  remaining  objects  are,  in  many 
cases,  proportionally  small ;  as  if  they  were  chips  from  the  largest. 

A  collection  of  the  quartz  objects  found  in  the  notch  at  Little 
Falls  was  exhibited  before  the  Section,  and  many  of  the  specimens 
were  considered  to  be  unquestionably  the  work  of  man.  The  col- 
lection was  afterwards  given  to  the  Peabody  Museum  of  American 
Archaeology,  and  is  referred  to  in  the  report  of  the  Curator  of  the 
Museum  for  1888. 


Abnormal  Human  Skulls   from    stone-oraves  ik  Tennessee. 
By  F.  W.  Putnam  of  Cambridge,  Mass. 

[ABSTRACT.] 

The  photographs  exhibited  are  views  of  a  brachycephalic'  skull, 
taken  b}^  me,  in  1882,  from  a  stone-grave  on  Dr.  W.  H.  Jarman's 
farm  near  Brentwood,  Tennessee.  It  is  that  of  an  adult,  probably 
a  man.  The  coronal  and  sagittal  sutures  are  simple  and  all  the 
sutures  except  the  basilar  are  open.  The  left  parietal  is  divided 
into  two  quadrilateral  pieces  by  a  transverse  serrated  suture, 
crossing  the  bone  at  one-third  its  height  above  the  squamous 
suture.  Tlie  transverse  arc  formed  by  the  divided  left  parietal 
exceeds  that  of  the  normal  right  parietal  by  one-fourth.     The 

1  This  tkull  is  No.  27205  of  Peabody  Museum,  and  has  a  breadth  index  of  976. 
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longitudinal  arc  of  the  left  parietal  is  also  greater  than  that  of  the 
right  parietal,  and  the  left  side  of  the  skull  bulges  upwards  and 
outwards.  The  abnormal  suture  encloses  a  pair  of  Wormian 
bones  (size  3  of  Broca's  scale).  They  occur  close  together  a  little 
back  of  the  centre. 

The  back  of  the  skull  is  much  flattened  and  the  sutures  of  this 
region  are  crowded  with  supernumerary  bones.  In  the  right  pa- 
rietal-ma stoid  are  three  adjoining  Wormian  bones  of  medium  size, 
and  there  is  another  of  medium  size  in  the  right  masto-occipital 
suture.  A  long  oval  Wormian  bone  extends  from  these  along  the 
lambdoid  suture  to  neai*  the  median  line,  where  it  interlocks  with 
a  very  long  Wormian  bone  which  fills  the  left  half  of  the  lambdoid 
suture  to  the  ujiper  posterior  angle  of  the  lower  segment  of  the 
left  parietal.  Between  this  lower  piece  of  the  left  parietal  and 
the  occipital  bone  are  three  large  and  two  medium-sized  Wormian 
bones.  A  large  Wormian  bone  lies  to  the  right  of  the  lambda 
between  the  largest  Wormian  bone  and  the  right  parietal.  This 
cranium  has  in  all  several  minute,  fourteen  medium-sized,  four 
large,  and  two  unusually  large  Wormian  bones. 

All  the  teeth  are  present,  and  normal,  except  the  two  lateral  in- 
cisors of  the  upper  jaw,  which,  apparently,  were  never  developed. 
The  gap  separating  the  central  incisors  and  canines  is  scarcely 
broader  than  that  between  the  two  central  incisors. 

Another  brachycephalic  adult  male  skull  ^  found  in  1877  in  a 
burial  mound  ^  on  Mr.  Wilkinson's  farm,  nine  miles  from  Nashville, 
has  the  abnormal  suture  dividing  the  left  paiietal.  This  skull  has 
simple  sutures  which  are  open  except  near  the  pterion.  The  extra 
suture  springs  from  the  left  arm  of  the  lambdoid  suture  at  the 
junction  of  its  middle  and  lower  third,  and  passes  nearly  horizon- 
tally half-way  across  the  parietal.  It  is  then  deflected  and  runs 
towards  the  pterion.  Posteriorly  this  suture  is  finely  dentated 
but  anteriorly  it  becomes  simple  and  is  so  much  obliterated  that  it 
is  impossible  to  trace  its  entire  course.  A  large  Wormian  bone 
occurs  in  the  left  arm  of  the  lambdoid  suture  at  and  above  the 
origin  of  this  anomalous  suture. 

The  posterior  inferior  angle  of  the  right  parietal  of  this  skull  is 
also  developed  from  a  separate  centre.  It  is  united  with  the  main 
portion  of  the  bone  by  a  simple  suture  running  from  the  squamous 

<  So.  127V7  Peabody  Museam.   Breadth  index,  1012. 

s  This  mound  contained  a  number  of  stone-grayea  placed  in  several  tiers. 
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suture  almost  horizontally  till  it  approaches  the  lambdoid  when  it 
turns  downward  and  enters  this  suture  at  a  point  oppobite  the 
middle  of  the  squamous  1x)rder  of  the  intercalated  bone. 

Division  of  the  parietal  is  a  rare  anomal}*.  Of  more  than  two 
thousand  skulls  which  have  passed  through  my  hands,  the  two  here 
described  are  the  only  ones  that  I  i^ecall  as  having  tliis  anomaly 
of  the  parietal.  Miss  C.  A.  Studley,  an  assistant  in  the  Peabody 
Museum,  has  looked  up  the  literature  of  the  subject  for  me  and 
finds  that  Griiber  describes  one  case  and  records  eleven  others  as 
known  up  to  1870,  and  that  in  Flower's  Osteological  Catal(^e 
two  crania  are  mentioned  as  having  a  supra*squamo8a1  bone. 


A  NEW  Stand  for  Skulls,  made  bt  Edward  E.  Chick,  Assistant 

IN  THE   PeABODT   MuSEUH  OF    AMERICAN    ARCHEOLOGY   AND 

Ethnology.    By  F.  W.  Putnam  of  Cambridge,  Mass. 

[AD8TRACT.1 

Various  methods  have  been  adopted  for  mounting  human  crania 
for  exhibition  in  museum  cases,  all  of  which,  so  far  as  I  have  seen, 
are  defective  in  some  one  or  more  particulars.  The  objects  to  be 
secured  are  the  proper  exhibition  of  a  skull  without  injury,  and 
mounting  it  in  a  natural  position  in  such  a  way  that  it  may  be 
placed  in  the  case  so  as  to  exhibit  it  either  from  the  front,  back  or 
side,  as  may  be  desirable  for  comparison  with  other  skulls  in  the 
case.  Further,  it  is  essential  that  it  may  be  easily  removed  for 
special  study,  and  replaced  without  much  trouble  when  done  with 
for  the  time  being.  It  is  also  of  the  gi-eatest  importance  to  avoid 
any  pressure  on  the  margin  of  the  foranum  magnum,  on  the 
bones  of  the  palate,  or  base  of  tlie  skull,  which  in  crania  of 
considerable  antiquity  are  generally  veiy  friable.  Another  essen- 
tial thing  is  to  be  able  to  suspend  the  under  jaw  in  place  without 
making  holes  for  the  passage  of  wires. 

After  many  trials  and  modifications,  all  these  points  have  been 
secured  by  my  assistant,  Mr.  Chick,  and  the  stand  now  in  nse  at 
the  Peabody  Museum  consists  of  a  round  wooden  base,  in  the 
centre  of  which  is  screwed  a  brass  roil  from  three  to  four  inches 
high,  on  which  a  screw  thread  is  cut.     On  this  upright  rod  a  cu*- 
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cular  brass  plate,  with  a  screw  thread,  is  placed  at  any  desired 
height.  On  opposite  sides  of  this  plate  two  bra3s  wires  arc  screwed 
and  so  carved  as  to  support  the  occipital  portion  of  the  skull. 
These  wires  can  be  easily  bent,  and  their  curve  can  be  changed  by 
the  fingers  so  as  to  fit  any  particular  skull.  A  third  wire  is  screwed 
into  the  front  of  the  plate  and  projects  from  three  to  four  inches, 
ending  in  a  ring.  This  rod  can  be  easily  bent  so  as  to  obtain  a 
proper  bearing  for  the  ring  on  some  firm  part  of  the  palate,  or,  if 
need  be,  when  the  palate  is  broken,  on  the  inner  margin  of  the 
teeth  or  any  other  firm  point.  The  pliability  of  this  rod  also 
secures  the  tilting  of  the  skull  into  a  natural  position  as  it  rests 
on  the  occipital  wires  and  is  steadied  by  the  central  rod  which 
passes  into  the  foranum  magnum.  From  the  forward  rod  hangs  a 
small  spiral  wire  holding  a  transverse  piece  of  wire  with  the  points 
turned  up  so  as  to  clasp  the  under  jaw  on  each  side,  the  strength 
of  the  spiral  spring  being  sufficient  to  hold  the  jaw  in  its  place  and 
clear  of  the  shelf. 

On  the  stand  itself  the  label  can  be  placed  and  the  skull  thus 
mounted  can  be  turned  about  at  a  slight  touch  as  it  stands, 
swinging  free  from  the  shelf.  In  this  way  all  ordinary  observations 
can  be  made  without  running  any  risk  in  handling  the  skull. 
This  stand  may  be  adapted  also  for  mounting  fragile  and  broken 
crania  and  even  portions  of  crania  in  a  natural  position. 


The  Charnay  collection  at  Washington.    By  O.  T.  Mason  of 
Washington,  D.  C. 

[ABSTRACT.] 

The  collection  referred  to  contains  the  material  obtained  by  the 
Charnay  expedition  to  Mexico  and  Central  America.  The  ex- 
penses were  defrayed  jointly  by  Mr.  Pierre  Lorillard  and  the  French 
government.  The  success  of  the  expedition  showed  how  a  gentle- 
man of  fortune  might  render  valuable  service  to  the  cause  of  sci- 
ence, although  not  specially  conversant  with  scientific  lore. 

In  this  undertaking  the  point  was  gained  by  obtaining,  as  far  as 
possible,  casts  (in  plaster  strengthened  with  tow)  of  the  objects  of 
antiquity.     By  means  of  these  casts,  the  drawings  of  this  and 
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Other  exploring  expeditions  can  be  verified  and  corrected.  Great 
success  was  attained,  as  to  casts  from  little-known  and  almost 
inaccessible  ruins  ;  and  many  new  objects  of  beauty  and  curiosity 
were  brought  to  light,  among  them  a  large  number  of  interesting 
reliefs  and  statues.  The  casts  will  be  preserved  in  the  Museum 
at  Washington,  and  in  duplicate  at  the  TrocadSro  Museum  at 
Paris.  Numerous  photographs  and  drawings  were  obtained  ;  and 
measures  have  been  taken,  under  the  auspices  of  the  Smithsonian 
Institution,  to  reproduce  several  of  the  more  imjwrtant  ruins  by 
correctly  an*angiug  the  casts  in  position  with  suitable  accessories. 
Good  success  has  already  been  attained,  both  in  making  restorations 
of  ancient  temples  and  other  ruins,  and  in  correcting  recorded 
measurements  and  drawings.  A  full  account  of  the  restorations 
will  appear  in  Professor  Baird's  annual  report  for  1883. 


Osage  War  Customs.    By  J.  O.  DonsEr  of  Washington,  D.  C. 

[ABSTRACT.*] 

By  means  of  an  illustration  the  preparations  were  shown  which 
the  tribe  makes  for  a  war-march,  the  order  followed  being  that  of 
gentes  or  clans  in  the  tribe.  The  paper  described  the  tactics  by 
which  the  Osages  camp  in  a  circle,  the  war-men  on  one  side,  and 
the  non-combatants  on  the  other.  The  road  travelled  by  the  In- 
dians forms  the  line  down  through  the  centre  of  the  camp,  and  the 
division-line.  The  great  war-tent  is  placed  with  the  door  to  the 
west,  the  place  of  honor  being  at  the  cast.  The  author  detailed  at 
considerable  length,  with  the  aid  of  illustrations,  the  method 
of  selecting  the  forces,  and  the  ceremonials  preparatory  to  war, 
the  decoration  of  the  Cheezho  peacemaker,  the  form  of  the  dance 
around  the  village,  the  nature  of  the  bravery  dance,  and  the 
order  of  march  from  home  by  twos  four  abreast.  Marriage 
ceremonials  and  funeral  rites  were  also  described  and  explained 
in  detail.  The  author  accompanied  the  paper  with  drawings 
illustrating  the  grouping  of  participants  in  ceremonies. 

^This  paper  has  been  printed  in  Aill  in  the  American  Naturalist,  for  Feb.,  1884. 
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Observations  on  the  laws  and  privileges  of  the  Gens  in  In- 
dian Society.    By  Miss  Alice  C.  Fletcher  of  New  York, 

N.  Y. 

[ABSTRACT.] 

An  elucidation  of  the  customs  nnd  circumstances  under  which 
the  gens  system  in  Indian  tribes  surpersedes  parental  ties  was 
the  chief  feature  of  this  paper.  The  autlior  had  an  excellent  op- 
portunity for  observations  of  this  character,  during  the  work  of 
placing  the  Omaha  tribe  of  Indians  upon  their  lands  in  severalty, 
and  while  adjusting  the  line  of  descent  and  inheritance  according 
to  our  laws. 

A  child  who  has  lost  its  father  or  mother  is  considered  an  or- 
phan. Its  particular  place  is  gone,  and  it  passes  into  the  gens. 
When  the  father  dies,  leaving  offspring,  the  mother  loses  all  ma- 
ternal rights.  Each  child,  unless  of  very  tender  age,  will  be  sep- 
arated from  the  mother,  and  will  go  into  the  family  of  some  one  of 
the  father's  relatives.  It  may  thereafter  be  claimed  as  his  own 
child  by  the  male  head  of  the  family  to  which  it  has  been  allotted. 
This  separation  of  her  children  from  a  widow  is  permanent.  She 
usually  marries  again,  and  in  that  event  is  not  burdened  with  her 
offspring  by  a  former  husband  ;  but  if  she  sliould  remain  unmarried, 
she  would  be  expected  to  work  for  the  family  that  has  adopted 
her  children,  rather  than  for  the  children  themselves.  If  she  dies 
when  her  children  are  young,  it  is  probable,  that,  at  maturity, 
they  will  have  forgotten  even  her  name. 

The  women  are  not  wanting  in  affection  for  the  children  of  whom 
they  are  bereft ;  but  the  separation  is  looked  upon  as  a  matter  of 
course,  none  of  the  interested  parties  regarding  it  as  a  grievance, 
or  even  a  hardship.  It  surprises  an  Indian  to  have  the  propriety 
of  this  arrangement  questioned.  No  point  of  our  law  of  inheri- 
tance is  so  difficult  for  him  to  understand  as  that  which  binds  to* 
gether  the  child  and  the  surviving  parent. 

Young  men  whose  mothers  are  of  the  same  gens  are  accounted 
brothers  to  each  other,  and  the  brothers  of  the  mothers  are  uncles. 
Between  these  uncles  and  the  nephews  and  nieces  there  is  an  easy 
faoiiliarity,  not  unlike  that  of  parents  and  children. 

The  author  has  observed  a  decided  lack  of  family  likeness  among 
Indians.     This  observation  applies,  however,  to  entire  families, 
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which  include  cousins,  aunts  and  uncles ;  a  striking  resemblance 
between  parents  and  children  being  not  unusual. 

The  Indian  may  be  ''  tlie  stoic  of  the  woods ; "  but  he  is  neither 
averse  to  pleasantrj',  nor  deficient  in  sensitiveness  of  a  certain 
kind.  He  delights  in  chaffing  his  fellow  Indian;  and  dreads, 
more  than  aught  else,  being  made  a  laughing-stock. 


Symbolic  Earth  Formations  of  the  Winnebaooes.    By  Miss 
Alice  C.  Fletcher  of  New  York,  N.  Y. 

[ABSTRACT.] 

Having  mentioned  in  previous  papers  ^  the  symbolic  earth  form- 
ations which  appear  in  every  religious  ceremony  I  have  witnessed 
among  the  Sioux,  I  will  call  attention  to  similar  stft-uctures  noticed 
among  the  Winnebagoes. 

This  tribe  is  admitted  to  be  one  of  the  older  branches  of  the 
great  family  to  which  it  belongs.  Not  only  is  this  antiquity  shown 
by  the  language,  but  by  finding  many  of  the  religious  ceremonies 
of  diflerent  tribes  referred  to  the  Winnebagoes,  and  Winnebago 
words  discovered  in  the  religious  ritual  of  other  tribes. 

The  Winnebago  tent  used  for  sacred  dances  is  long  and  narrow; 
not  more  than  twenty  feet  wide  and  varying  from  fifty  to  one 
hundred  feet  long. 

In  the  Buffalo  dance  which  is  given  four  times  in  the  month  of 
May  and  early  June,  the  dancers  are  four  men  and  a  large  num- 
ber of  women.  As  the  dancers  enter,  each  woman  brings  in  a 
handful  of  fine  earth  and  in  this  way  two  mounds  are  raised  in  the 
centre  at  the  cast,  that  is  between  the  eastern  entrance  and  the 
fire,  which  is  about  fifteen  feet  from  the  eastern  entrance.  The 
mounds  thus  formed  are  truncated  cones.  An  old  man  said  to  me 
"  That  is  the  way  all  mounds  were  built ;  that  is  why  we  build  so 
for  the  bufliilo." 

The  mounds  were  about  four  inches  high  and  not  far  fi-om 
eighteen  inches  in  diameter.  On  the  top  of  the  two  mounds  were 
placed  the  head-gear  worn  by  the  men,  the  claws,  tails  and  other 
articles  used  by  the  four  leaders,  or  male  dancers. 

The  men  imitate  the  buflalo  in  his  wild  tramping  and  roaring, 
and  dance  with  great  vigor.     They  are  followed  by  a  long  line  of 

1  Sixteenth  Report  of  the  Peabody  Museum  of  Arch,  and  Ethn.,  Cambridge,  Maas. 
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gayly-decked  women  in  single  file.  Eacli  woman  as  she  dances 
keeps  her  feet  nearly  straight  and  heels  close  together,  and  the 
body  is  propelled  forward  by  a  series  of  jerks  which  jars  the  whole 
fi-ame,  but  the  general  effect  on  the  long,  closel}'  packed  line  is 
that  of  the  undulating  appearance  of  a  vast  herd  moving. 

The  women  dance  with  their  eyes  turne<l  to  the  ground,  and  with 
their  hands  hanging  closely  in  front,  palms  next  the  person. 
The  track  left  by  their  feet  is  very  prett}-,  being  like  a  close-leaved 
vine.  It  is  astonishing  to  notice  how  each  woman  can  hop  into  her 
predecessor's  track.  Water  is  partaken  of  and  the  entire  dance 
is  clearly  indicative  of  the  prayer  for  increase  and  plenty  of  buffalo. 

The^two  mounds  remind  one  of  larger  structures  and  suggest 
many  speculations,  particulai*ly  when  taken  in  connection  with  tbe 
manner  of  their  building. 

In  the  great  mystery  lodge,  whence  so  many  of  the  sacred 
societies  among  other  tribes  professedly  take  their  rise  and  inspira- 
tion, the  fire  is  at  the  east,  and  is  made  by  placing  four  slicks 
meeting  in  the  centre  and  the  other  ends  pointing  to  the  four  points 
of  the  compass.  Just  at  that  part  of  the  initiation  of  the  candi- 
date when  he  is  to  fall  dead  to  the  old  life,  be  covered  as  with  a 
pall,  and  then  be  raised  to  the  new  life,  the  remains  of  the  four 
fire  sticks  are  taken  away  and  the  ashes  raised  in  a  sharp  conical 
mound  ;  again  suggesting  hints  of  a  peculiar  past. 

Upon  the  bluffs  of  the  IVIissouri,  on  a  promontory  overlooking  a 
stretch  of  landscape  thirty  miles  in  every  direction,  is  a  little  de- 
pression cut  in  the  ground,  circular  inform,  with  an  elongated  end 
at  the  east.  The  depression  is  one  foot  in  diameter  and  about  six 
inches  deep.  Placing  my  compass  in  the  centre,  the  long  end  or 
entrance  was  found  to  be  exactly  to  the  east. 

To  the  south  of  this  sacred  spot,  for  it  is  cleared  and  cleaned 
by  secret  hands  every  year,  stood  a  large  cedar  tree,  now  partly 
blown  down.  This  was  the  sacred  tree  on  which  miraculous  im- 
personation of  visions  lit;  and  here  the  spirits  tarried  as  they 
passed  from  one  resting  place  to  another  going  over  the  country. 
About  every  fifty  miles  there  is  one  of  these  strange,  supernatural 
resting  places. 

The  histoiy  of  the  earth  symbols  is  not  yet  clearly  understood, 
and  it  is  to  be  hoped  that  students  will  carefully  observe  these 
strange  relics  of  customs  which  were  once,  perhaps,  on  a  gi'ander 
scale. 
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Life  among  the  Mohawks  in  the  Catholic  Missions  of  Quebec 
Province.  By  Mrs.  Erminkie  A.  Smith  of  Jersey  City,  N.  J. 

[AD8TRA0T.] 

The  almost  entire  isolation,  during  more  than  two  hundred  jears, 
of  these  Mohawks  from  the  other  Iroquois  tribes,  renders  a  study 
of  their  dialect,  peculiar  customs,  remarkable  habits  of  industry 
and  prosperity,  subjects  both  interesting  and  important.  The  old 
mission  house  and  church  at  Canghnawager  contain  the  old 
Jesuit  library,  portraits  of  Charlevoix  and  Lafitau,  various 
presents  from  crowned  heads  in  Europe,  a  ix>rtrait  of  the  only 
aboriginal  saint,  Ta-gah-qui-ta, —  all  objects  of  great  interest. 
The  archives  of  this  old  church  and  of  the  seminary  of  the  Sulpi- 
cians  at  the  Lake  of  the  two  Mountains  are  the  repositories  of  old 
manuscript  sermons,  dictionaries,  grammars,  catechisms,  etc., 
some  dating  back  over  two  hundred  3'ears.  The  dictionary  of  the 
Rev.  Father  Marcoux  is  one  of  the  most  valuable  and  well  pre- 
served of  those  extant  in  the  Mohawk  dialect,  not  excepting 
Bruges,  etc.  Interesting  examples  of  its  contents  are  the  names 
of  the  months,  days  of  the  week,  etc.  The  day  is  past  when  it 
could  again  be  compiled,  as  the  industries  of  these  people  are  bring- 
ing them  into  so  close  contact  with  French  and  English  that  tlieir 
own  language  is  rapidly  falling  into  disuse.  The  beadwork  of  the 
women  is  sold  from  Maine  to  San  Francisco.  Over  ten  thousand 
pounds  of  beads  are  kept  constantly  on  hand  in  the  wholesale  store 
of  one  of  the  chiefs  to  supply  the  never-ceasing  demand.  The  stone 
quarries  are  also  worked  by  the  chiefs,  their  ownei*s,  and  are  a 
great  source  of  profit.  But  the  principal  occupation  of  these 
Indians  is  rafting  upon  the  St.  Lawrence.  Few  of  the  old  customs 
are  preserved,  although  still  nominally  presided  over  by  chiefs. 
The  clans  here  outnumber  the  other  branches' of  the  Mohawks  by 
four,  the  Lark,  Rock,  Calumet  and  Dove. 

The  old  wampum  belts  are  still  preserved. 

The  changes  which  a  language  can  undergo,  during  a  separation 
of  portions  of  its  people  for  only  two  centuries,  are  illustrated  by 
the  table  prepared  of  words  in  use  at  Canghnawager,  and  their 
synonymes  in  use  among  the  Mohawks  of  Upper  Canada.  Hiis 
list  proves  conclusively  that  dialectical  differences  can  be  brought 
about  in  a  comparatively  short  space  of  time.    The  old  aborigi- 
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nal  folk-lore  stories  have  been  superseded  through  the  influence  of 
the  church  by  those  of  a  religious  character,  such  as  the  Legend 
of  the  old  Church  bell,  etc. 

The  other  mission  referred  to  was  removed  in  1717  from  Mon- 
treal to  the  Lake  of  the  two  Mountains,  where  the  Order  of  Sulpi- 
cians  have  a  grant  of  seventeen  miles  of  land  and  provide  for  the 
moral  and  religious  education  of  the  Indians  of  their  mission.  A 
convent  of  the  Congregation  de  Notre  Dame  has  charge  of  the 
school  for  Indian  girls. 

From  these  archives  a  large  number  of  titles  Were  secured  for 
the  bibliographer  of  Indian  linguistics  at  Washington. 


Studies  in  the  Iroquois  concerning  the  verb  to  be  and  its  sub- 
stitutes.   By  Mrs.  Erminnie  A.  Smith  of  Jersey  City,  N.  J. 

rABSTRACT.l 

The  general  reader  upon  the  structure  of  Indian  languages 
and  the  student  who  would  attempt  their  investigation  are  sure  to 
encounter  as  a  conceded  fact,  established  by  the  pioneers  in  Indi- 
anology  that  "the  verb  *to  be*  does  not  exist  in  these  languages." 

And  when  we  remember  that  it  is  in  all  languages  made  up  of 
several  radically  differing  roots  the  above  admission  would  seem 
correct. 

Notwithstanding  this,  the  conscientious  student  is  staggered  at 
encountering  first  in  adjectives,  and  later  in  many  verbs  and  in 
the  dissection  of  nearly  all  nouns,  the  fact  that  in  their  translation 
into  English  the  use  of  the  verb  "to  be"  is  imperative. 

Among  the  distinguished  philologists  who  have  expressed  them- 
selves upon  this  subject  we  mention  Major  Powell  who  in  his  "In- 
troduction to  the  study  of  Indian  languages"  says  "In  most 
Indian  languages  there  is  no  verb  "to  be"  used  as  predicant  or 
copula."  Dr.  Riggs  in  reference  to  Dakota  verbs  also  remarks 
"  We  cannot  now  say  more  concerning  verbs  unless  we  add  this 
interesting  fact  that  as  is  the  case  in  other  American  languages 
there  is  no  pure  substantive  verb  in  Dakota. 

We  can  express  the  idea  of  existence  in  connection  with  ideas  of 
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place  or  condition,  but  not  alone.  Rev.  Father  Cuoq  in  his  "Lex- 
ique  de  la  langue  Iroquoise"  gives  as  the  translation  of  the  verb 
"  etre^  to  be,"  the  Mohawk  verb  ke-na'-ke-re  which  means  literally 
I  inhabit  and  is  generally  applied  to  animals. 

The  unknown  author  of  the  old  Onondaga  Dictionary  translates 
it  as  Ei'-tCrrou  which  literally  translated  is,  lam  seatedy  I  am  placed^ 
etc. 

Father  Marcoux,  who  is  undoubtedly  the  best  authority  upon  any 
of  the  dialects  of  the  Iroquois  sa3-s,  "The  verb  to  6«,  which  accord- 
ing to  Levizaz  is  the  only  true  verb,  does  not  exist  isolated  in  this 
language,  but  is  found  contained  in  nouns,  pronouns,  and  adjec* 
tives.  It  is  expressed  in  different  manners  when  it  signifies  the 
essentiam  simpUem  in  loco" 

It  is  rendered  thus : — 

1.  Ke-nSL'-ke-re,  I  inhabit;  applied  to  animals,  fish,  birds,  and 
snakes  it  is  translated  by  "  to  swarm,"  "  to  be  plentiful,"  as  a. 
Ok'-si  h&-n&'-ke-re  ne'  R&-wen-ni'-3'0 ;  literally,  always  he  inJiabits 
the  God  free.  "From  the  beginning  God  is."  6.  Ken-tc&-nX'-ke-re, 
Jish  swai-m,  are  plentiful. 

2.  Kon'-he%  I  live ^  I  survive. 

3.  Ki'-te-ron,  /  abide^  dwell,  am  seated,  am  placed;  -ta-kon  a 
suffix  and  shows  the  cause  of,  means  of,  "  dwelling,  etc." 

4.  Ka'-yen,  it  lieSy  as  k&-ni  ka-n&-ta-3'en,  wliere  it-lies-the-cUyf 

5.  I-k&'-le,  it  is  present. 

6.  Ya-on-te,  it  has;  said  of  conditions  arising  from  original  de- 
sign or  purpose  as  Ka-n&'-ton-te,  it  has  a  room  (affixed  to  it)  ;  ri- 
yft'-ton-te,  he  has  a  body, 

7.  Ka'-te,  it  projects ^  is  arrayed  ;  as  Ka-ron'-hya-te,  o  doudpro* 
jects/\s  visible ;  in  this  it  literally  represents  ex-ist. 

8.  KS-hnyo'-te  (a  compound  word,  from  "7th"  and  o-hnyo,  a 
bow),  literally  a  bow  ispresent,  i,  e.,  the  rainbow. 

9.  A-kon'-ha,  /,  alone, 

10.  Te-ky&'-se,  lam  doubled,  twice  myself. 

11.  Ken,  or  ne'-ken,  that,  or  that  which. 

12.  I-wftt,  it  is  in,  it  lies  in  ;  san-ni-wit,  how  mu4ik  isinf 

13.  W&'-tons,  it  becomes,  turns  into—? 

14.  A-kw&'-wen,  ours, 

are  ) 

15.  Yo-wenh'-te,  it  is  Joined,  is  Joined  with  .      >  many. 
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16.  Yi'-oh  it,  is  in  solution,  is  in ;  as,  Kft-hne'-ko®,  water  is  in, 
I.  e.,  there  are  springs ;  K2L-ris'-to*,  iron  is  in,  iron-mine ;  Yo-liwis'- 
to*,  a  silver,  money-mine. 

The  Rev.  Father  LaCombe  in  his  "  Dictionnaire  de  la  langue 
Crise,"  remarks  in  his  introduction, "  There  are  no  auxiliaries  to  be 
and  to  have  as  in  French,  but  they  are  replaced  by  post-fixes,  which 
liave  the  same  value  in  making  the  verb." 

As  an  interesting  study,  however,  the  following  table  was  pre- 
pared containing  mainly  adjectives  which  in  their  conjugations  are 
said  to  include  the  verb  to  be,  and  which  are  untranslatable  into 
English  without  its  use.  This  was  for  the  purpose  of  separating 
from  the  conjugated  adjective  any  particle  representing  the  verb  to 
be. 

Hon'-tci,  black. 

K-hon'-tci,  I  am  black. 

S-hon'-tci,  thou  art  black. 

R&-hon'-tci,  he  is  black. 

Ya-hon-tci,  she  is  black. 

Ka-hon'-tci,  it  is  black.  ' 

In  this  conjugation,  if  a  separable  verb  to  be  exists,  it  must  be 
sought  for  in  the  pronouns  often  represented  by  a  single  letter. 

The  first  person,  present  tense,  of  another  conjugation,  is  as 
follows : 

W&-e'-tsJl-nit,  courageous.  \ 

Wft-a-te-wek,  affable.  >  adjectives  pure. 

Wi-i-tent,       poor.  J 

Conjugated. 
W&-ke'-t8a**-nit,  I  am  courageous. 
W&-k&'-te-wek,  I  am  affable. 
W&-ki'-tent,  I  am  poor. 
"K"  in  this  representing  "I  am.'* 

If  these  languages  were  as  well  understood  as  the  Latin,  might 
they  not  possibly  be  found  to  contain  a  letter  representing  both 
verb  and  pronoun,  as  in  the  imperative  of  the  verb  io,  I  go  (Latin) 
where  ''  i"  represents  go  thou  ? 

The  above  examples  are  given  to  show  that  the  present  tense  of 
the  verb  to  be,  if  such  exists,,  must  be  contained  with  the  pronoun 
in  the  letter  "K." 

A.  ▲.▲.&.,  VOL.  xxzn.  26 
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Pushing  these  stadies  farther,  if  one  would  wish  to  fill  out  the 
other  tenses  the  tense  endings  must  be  suffixed.  Taking  ^^h&k" 
(the  sign  of  past  time)  and  suffixing  it  to  ^^  K^  we  have  K-h&k',  / 
was. 

But  one  encounters  forms  which  must  be  considered  irregular  as 
in  Kun-kwa*-stX-kwXs-nu'-ha°.  Lvxis-Orgood-person.  In  this  ex- 
ample, K-nu*-ha**  would  represent  I  tww,  and  so  on  through  other 
tenses  which  forms  however,  standing  thus  connected,  would  be 
quite  meaningless. 

A  study  of  these  tense  endings  is  at  least  not  useless  for  they 
teach  most  conclusively  that  these  languages  are  very  old,  and 
show  that  their  verbs  have  incorporated  as  tense  signs  highly  ab- 
breviated words  whose  root  significations  have  evidently  been  long 
lost.  Such  for  example  is  ha*  as : — w&-kit-us, lamadeep^  wft-kit- 
u-ha*,  lam  about  to  sleep;  "ha***  here  converts  it  into  future  time. 

Again:  wft-kft-rha-rhu,  I  am  running;  wS-k&-rh&-rhu-ha%  I  teas 
running,  ran ;  ''ha'**  here  converts  it  into  past  time. 

These  two  tense  signs  "ha®"  are  probably  from  diflferent  roots, 
one  of  which  meant  will  and  the  other  did  or  was. 

In  this  search  we  have  found  possible  roots  with  which  to  build 
up  the  neuter  verb  "be,**  even  four  not  more  radically  different  than 
hey  am,  is^was,  of  the  English. 

We  believe  that  this  is,  if  any,  the  only  direction  in  which  to 
seek  out  this  hidden  verb  to  &e,  and  that  if  it  exists,  it  is  concealed 
in  the  obsolete  verbal  forms  containing  the  root  significations  of 
said  tense  signs. 

These  forms  might  even  in  themselves  prove  to  be  the  missing 
neuter  verb. 

But  more  profitable  fields  of  inquiry,  yielding  more  direct  results, 
are  awaiting  the  harvester  and  to  beornoto  be  must  still  continue 
a  question. 


Accidents  or  Mode  Signs  of  Verbs  in  the  Iroquois  Dialects. 

By  Mrs.  Erminnie  A.  Smfth  of  Jersey  City,  N.  J. 

[abstract.] 

1.  Movement  in  these  dialects  which  in  French  is  expressed  by 

the  auxiliary  verbs  alter  and  vcnir,  and  corresponds  to  the  English 

participle  in  ing  and  the  adverbs  toward  and  aJbovt^  is  represented  ui 
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Iroquois  by  final  particles  incorporated  in  the  verbs  making  them 
verbs  of  movement.  These  might  be  termed  mode  and  tense  signs 
as  the  particles  take  the  final  inflections  proper  to  the  different 
time,  as  follows  —  Kninons,  to  buy;  Kni-nonres,  I  am  about  to 
bny,  etc. 

2.  Reduplication  is  the  act  of  the  verb  repeated  as  repay,  recon- 
sider, etc.  Tlie  mark  of  reduplication  in  several  of  the  dialects  is 
/S,  but  in  the  Tuscarora Q ;  as  Kirh-h&,  I  drink :  9  Kirh-hft,  I  drink 
again.  After  the  same  manner  can  be  explained  affirmation,  local- 
ity, causality,  composition,  frequentation,  final  relation,  transition, 
habitude,  resolution  into  contraries,  partial  reflexion,  their  change 
into  substantives,  etc.,  which  furnish  the  material  for  the  exces- 
sively long  words  to  be  found  in  all  Indian  dialects. 


The  Great  Mounds  of  Cahokia.      By  William  McAdams  of 
Alton,  111. 

[▲B8TBACT.] 

The  mounds  referred  to  are  in  the  locality  known  as  the  "  Amer- 
ican Bottom."  The  region  so  called  is  a  strip  of  alluvial  land  in 
the  state  of  Illinois,  lying  between  the  bluff  and  the  Mississippi 
river,  and  extending  from  the  city  of  Alton  to  a  point  below  the 
city  of  East  St.  Louis.  A  map  of  the  locality,  showing  the  places 
and  dimensions  of  the  mounds,  was  exhibited  before  the  section. 
The  mounds  are  over  two  hundred  in  number,  and  embrace  some 
of  the  largest  in  the  United  States.  A  group  of  seventy-two  mounds 
on  the  Cahokia  creek  was  specially  considered.  The  central  mound 
of  the  group  is  the  largest :  it  is  about  a  hundred  feet  high,  and 
covers  over  twelve  acres  of  ground.  It  is  a  truncated  pyramid 
with  teiTaces :  its  flat  top  has  an  area  of  one  and  a  half  acres. 
The  surrounding  mounds  are  thirty  to  forty  feet  high  and  most  of 
them  are  square,  in  this  respect  differing  from  the  conical  mounds 
of  Ohio.  The  mounds  on  the  bluff  seem  to  be  of  a  different  order, 
being  only  four  or  five  feet  high,  and  round  or  oval.  Unquestion- 
ably the  mounds  of  the  Cahokia  valley  are  artificial,  being  made  of 
black  alluvial  earth,  entirely  different  from  the  ground  on  which 
they  rest. 
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The  author  accounted  for  the  fact  .that  there  were  few  moaods 
on  the  banks  of  the  Mississippi  river,  by  supposing  that  the  mound- 
builders  were  afraid  of  their  enemies  beyond  the  stream. 

Numbers  of  relics  have  been  found  in  the  Cahokia  nurands,  mostly 
of  flint,  some  of  them  eighteen  inches  long.  The  finest  is  a  white 
flint  axe,  which  is  of  a  smoothness  and  polish  like  ivory.  In  reply 
to  an  inquiry,  the  author  stated  that  there  had  been  considerable 
alluvial  deposit  foimed  since  the  mounds  were  built.  The  subsoil 
is  a  yellow  clay  loam :  under  the  mounds  is  a  floor  of  white  sand. 


Altars  and  High  Places  ^  among  the  Emblematic  Mounds.    By 
S.  D.  Peet  of  Clinton,  Wis. 

[ABSTRACT.] 

The  significance  of  the  term  "  High  Places"  will  become  ap- 
parent when  it  is  once  considered  that  the  custom  referred  to  in  the 
Scriptures,  was  peculiar  to  those  tribes  in  the  east  which  were  in  a 
primitive  condition,  and  whose  religious  cultus  was  at  a  low 
stage.  They  were  either  the  worshippers  of  the  sun  and  moon 
and  heavenly  bodies,  or  in  the  still  lower  condition  of  animal  wor- 
ship, and  their  customs  may  have  been  quite  similar  to  those  which 
are  found  to  have  prevailed  among  the  so-called  animal  tribes  of 
America.  Tlie  term  "  animal  tribes  "  expresses  much,  especially 
when  we  consider  that  tribes  bearing  animal  names,  and  having 
their  religion  closely  associated  with  animal  totems,  were  common 
at  the  East  in  Syria  and  Arabia,  as  well  as  in  Wisconsin  and  other 
parts  of  this  continent.  The  religious  customs  of  these  tribes 
have  not  been  so  well  known  as  of  those  which  were  more  advanced ; 
animal  worship  having  preceded  sun  worship  and  being  peculiar 
to  prehistoric  times.  Whether  the  custom  of  erecting  altars  on 
"  high  places  "  can  in  the  East  be  traced  back  fi-om  sun  worship 

>  The  title  of  this  paper  originally  had  no  reference  to  the  "  High  Places  **  which  are 
dcscribcO  in  tlie  sacred  Scriptnres.  The  term  was  used  to  designate  a  certain  class  of 
mounds  which  liad  come  under  the  observation  of  the  writer.  The  use  of  it,  howcTer, 
seemed  to  give  rise,  at  the  time  of  the  reading  of  the  paper,  to  the  idea  that  the  Scripture 
custom  was  held  in  mind  wbUe  the  descriptions  were  given.  This  criticism  is  accepted* 
but  the  suggestiveness  of  the  title  is  made  the  more  apparent  ftom  it. 
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to  a  more  primitive  cultus  is  a  question.  Here,  liowever,  tliey 
may  be,  and  tlie  subject  becomes  the  more  important  from  tliis 
fact. 

There  is  one  other  point  to  which  we  call  attention  in  connection 
with  this  hint  at  oriental  customs.  Human  sacrifices  were  common 
in  the  East,  and  it  has  been  found  that  these  were  also  common 
among  the  primitive  tribes  of  this  country*.  It  is  an  inquiry  which 
we  would  make  at  the  outset  whether  the  altars  and  high  places, 
of  which  we  are  to  speak  in  this  paper,  were  not  places  for  crema- 
tion. Human  sacrifices  were  common  among  the  primitive  races. 
Victims  were  seized  upon  and  offered  to  cruel  divinities.  Such  a 
custom  was  common  among  the  tribes  of  Central  America.  There 
are  cases  where  human  bones  have  been  found  associated  with  altars 
in  mounds.  Yet  we  maintain  that  these  altars  and  high  places  were 
used  for  the  rites  of  cremation  rather  than  ofhuman  sacrifice.  There 
may  be  a  danger  of  confounding  human  sacrifice  with  cremation, 
but,  if  we  should  find  that  ordinary  burial  mounds  and  the  altars 
and  high  places  were  only  designed  for  the  different  modes  of 
disposing  of  the  dead,  we  should  consider  that  a  satisfactory  ex- 
planation of  these  altars  had  been  reached.  We  bring  out  the 
facts  contained  in  this  paper  with  this  distinction  in  mind  desiring 
that  our  readers  should  consider  that  the  sacrifices  which  were 
ofiTered  on  the  altars  and  high  places  were  not  true  sacrifices,  but 
cremations. 

The  custom  of  burying  on  high  places  was  common  with  the 
native  tribes  in  America  as  well  as  with  the  primitive  races 
throughout  the  northern  portion  of  Europe,  in  Great  Britain, 
France,  Germany  and  elsewhere.  Nearly  all  the  burial  mounds 
throughout  the  Mississippi  valley  are  in  prominent  localities  on 
the  summits  of  bluffs  overlooking  valleys,  and  in  just  such  positions 
as  are  described  as  common  for  the  cists  and  cairns  of  Eugland 
and  Europe.  The  explorations  of  certain  gentlemen  at  Muscatine, 
Iowa,  illustrate  this  point.^ 

Here,  burial  mounds  are  seen  located  on  the  bluffs  on  either  side 
of  the  Mississippi  river  and  extending  for  miles  along  the  bluffs. 
The  locality  was  favorable  for  residence,  as  the  bluffs  surround  the 
limits  of  an  ancient  lake  where  there  would  be  an  abundance  ot 
game  and  where  the  rich  bottomlands  furnished  soil  favorable  for 
the  cultivation  of  maize,  and  for  a  variety  of  products.      This 
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custom  of  erecting  burial  places  on  bluffs  and  high  places  has 
given  rise  to  the  idea  that  there  may  have  been  a  connection  be- 
tween the  residences  and  the  burial  places.  The  Ai'yan  custom 
was  to  have  the  family  hearth  and  the  burial  place  in  close  prox- 
imity, the  Lares  and  the  Penates  being  affiliated  and  their  tokens 
associated.  With  these  races  also  it  was  common  to  connect  the 
sacrifice  and  worship  offered  to  their  divinities  with  their  hearths ; 
their  tombs,  temples  and  houses  being  closely  associated.  Wc 
throw  out  the  suggestion  whether  some  such  custom  did  not  exist 
also  among  the  so-called  Turanian  races.  Isaac  Taylor  maintains 
that  these  races  were  distinguished  for  their  burial  customs,  though 
he  does  not  define  and  describe,  except  in  a  veiy  general  way, 
what  these  customs  were. 

A  few  words  on  the  connection  between  the  altars  in  high  places 
and  ordinary  tumuli  may  next  be  in  place.  There  seems  to  have 
been  a  custom  among  the  primitive  races,  of  ei-ecting  tumuli  or 
burial  mounds  on  the  hill  tops,  and  the  only  difference  between 
these  burial  places  and  the  so-called  altar  mounds  is  in  the  fact, 
that,  in  the  former,  bodies  were  buried  without  the  use  of  altars, 
while  in  the  latter  altars  have  been  found,  and  with  them  various 
tokens  of  cremation.  At  times  burial  mounds  contain  tokens  of 
burial  at  their  base,  and  then  at  their  summit  other  tokens  >vbich 
show  that  they  were  used  for  beacons  or  signal  stations.  This 
double  use  of  the  tumuli  is  very  common.  The  writer  has  had  his 
attention  called  to  it  in  several  places  in  Wisconsin.  The  custom 
oftener  was  associated  with  conical  mounds,  and  yet  effigy  mounds 
have  been  discovered  with  evidence  that  burials  were  practised  in 
connection  with  beacons  and  outlooks.  The  location  of  tumuli  on 
high  places  probably  led  to  the  double  use,  as  it  would  be  convenient 
to  light  beacons  on  a  mound  already  in  existence.  The  same 
double  use  has  also  been  noticed  in  connection  with  the  altar 
mounds  and  their  erection  on  high  places  may  have  been  for  the 
same  purpose. 

The  custom  of  thus  erecting  the  burial  mound  was  common 
with  the  emblematic  mound  builders.  There  are  many  localities 
where  burial  mounds  are  so  placed  that  extensive  views  ai-e  gained 
from  them.  Sometimes  these  views  extend  for  many  miles.  ITiere 
are  mounds  on  Lapham's  Peak,  a  prominent  point  in  Washington 
county,  from  which  a  view  can  be  had  for  twenty  miles  distant. 
The  same  is  true  of  a  line  of  mounds  near  Muscoda  on  the  Wis- 
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consin  river.  Burials  on  high  places  seem  to  have  been  common 
among  the  cmbiemutic  mounds.  In  reference  to  the  sacrificial 
mounds  this  peculiarity  of  being  erected  on  high  places  forms  a 
point  of  resemblance  to  burial  mounds,  and  so  we  might  be  led  to 
consider  the  altars  as  designed  for  cremation  rather  than  for  sacri- 
fice. 

That  cremation  or  sacrifice  was  practised  mainly  on  high  places 
I  think  may  be  shown.  If  there  is  need  of  proof  of  this  point 
we  might  refer  to  the  many  sacrificial  altars  which  have  been  ex- 
humed in  various  parts  of  the  country.  Any  one  who  will  read 
the  volume  by  Squier  and  Davis  in  the  Smithsonian  contributions  ^ 
will  be  convinced  that  such  High  Places  were  common.  The  altars 
described  by  these  authors  seem  mainly  to  have  been  associated 
with  burial  places,  as  many  of  the  mounds  which  contain  the  altars 
contain  also  heaps,  where  evidently  the  ashes  and  remains  of 
cremated  bodies  were  deposited. 

We  will  not  say  that  sacrificing  on  high  places  was  universal, 
for  there  are  exceptions  to  it.  Prof.  F.  W.  Putnam  has  called  the 
attention  of  the  author  to  several  cases  which  have  come  under  his 
notice  in  Ohio,  where  altar-mounds  were  discovered  on  compara- 
tively low  ground.  Yet  we  maintain  that  as  a  rule  both  burial- 
mounds  and  altar-mounds  were  placed  on  high  ground. 

They  are  generally  placed  on  high  bluffs  or  points  of  land,  and 
are  also  frequently  associated  with  village  enclosures  and  with 
watercourses.  The  sacrificial  altar  at  Paint  creek,  near  Hopeton, 
had  this  peculiarity,  that  it  was  on  the  opposite  side  of  the  river 
from  the  village  enclosure,  giving  rise  to  the  thought  that  possibly 
there  was  the  same  custom  of  crossing  the  water  to  reach  the  places 
of  cremation  as  existed  among  various  races  in  the  East. 

Mounds  have  also  been  found  by  the  writer  in  Wisconsin,  which 
were  evidently  placed  on  bluffs  overlooking  village  sites,  which 
Lave  proved  to  be  altar-mounds,  and  it  is  a  remarkable  fact  that 
nearly  all  of  these  have  been  on  the  opposite  side  of  a  river  or 
lake  from  the  village  sites.  This  may  have  been  a  mere  coinci- 
dence, but  it  has  been  found  to  be  so  frequently  true,  that  it  has 
given  rise  to  the  conclusion. 

We  are,  however,  to  consider  the  distinction  between  altars  and 
ordinary  tumuli  or  burial-mounds. 

Altars  or  sacrificial  places  were  generally  surrounded  by  enclos- 
>  SmithsoDiaQ  Contribution,  Vol.  I,  p.  51,  plate  XIX. 
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ures.  These  enclosures  were  not  always  circumvallations,  yet 
nevertheless  served  the  purpose ;  but  burial  mounds  were  rarely 
surrounded  by  enclosures.  The  cases  referred  to  above  at  Hope- 
ton,  Mound  City,  Paint  Creek  and  elsewhere  were  marked  by  this 
peculiarit}'.  Here,  at  Mound  City,  were  a  large  number  of  mounds, 
twenty-four  in  number,  surrounded  by  an  enclosure.  The  authors 
Squier  and  Davis,  in  describing  these,  state  that  the  open  tem- 
ples of  the  ancient  Britons  were  embraced  within  parapets  of 
earth,  and  that  the  sacred  places  of  the  Pacific  Islands  are  sur- 
rounded, if  not  by  earthen,  by  stone  walls,  or  palisades.  All 
the  mounds  in  the  enclosures  were  excavated  by  Squier  and  Davis 
and  proved  to  contain  altars.  Another  enclosure  is  described 
where  a  single  mound  was  found,  and  this  contained  within  itself 
an  altar  or  place  of  sacrifice.  Still  another  enclosure,  with  altar 
mounds,  was  visited  by  these  authors  at  a  place  called  Clark's 
Works,  and  contained  seven  mounds  of  great  size,  thirty  feet 
high,  one  hundred  and  eighty  broad  at  the  base,  and  together 
forming  a  line  five  hundred  feet  long.  A  description  of  the  altars 
is  given  in  a  separate  chapter  and  is  worthy  of  study.'* 

Among  the  emblematic  mounds  there  are  sacrificial  altars 
which  were  erected  within  enclosures.  These  enclosures,  like  all 
others  in  this  region,  are  formed  by  the  eflagies  l)eing  grouped 
around  an  open  space.  The  efl3gies  do  not  form  a  connected  wall, 
and  yet  they  make  an  enclosure  which  is  suflSciently  guarded  to 
give  rise  to  the  idea  of  the  sacredness  of  the  spot. 

The  enclosures  containing  altar-mounds  are  generally  smaller  in 
their  area  than  village  enclosures,  and  the  altars  are  generally 
placed  in  the  centre  of  the  open  space,  making  the  distinction  be- 
tween the  two  classes  of  works  manifest.  Several  such  enclosures 
have  been  described  by  Dr.  I.  A.  Lapham,*  though  their  purpose 
was  not  apprehended  by  him. 

A  similar  enclosure  was  also  described  by  Squier  and  Davis. 
This  was  discovered  by  Mr.  S.  Taylor,  and  is  called  by  him  "The 
Citadel."  "  The  figures  comprising  these  are  so  arranged  as  to 
constitute  a  sort  of  enclosure  of  about  half  an  acre  area.^  The 
ground  is  here  prominent.  From  the  top  of  the  principal  mound 
occupying  the  central  group  may  be  seen  at  least  a  hundred  ele- 

«  See  Smithsonian  Contributions,  Vol.  I,  p.  143. 

*Sco  Laphain'8  Antiquities,  plntc  40,  plate  11,  plate  10. 

<See  Smithsonian  Contributions,  Vol.  1. 
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vations  forming  the  boundaries  of  the  Citadel."    We  give  an  il- 
lustration of  this  group  (fig.  1). 

no.  1. 


lOOFr.TOAN  INCH 


Sacrificial  place  at  Miiscoda.    S.  Taylor. 


Another  group  of  mounds,  which  was  designed  probably  for  a 
sacrificial  place,  has  been  observed  by  the  writer  near  Lake  Kosh- 
konong,  and  a  figure  of  this  is  also  given  (fig.  2).  This  group, 
like  the  others  referred  to  above,  is  composed  of  a  series  of  eflSgies 
surrounding  a  central  space  within  which  are  two  mounds,  one  a 
beacon-mound,  No.  4,  and  the  other  an  altar-mound.  No.  3. 
These  eflfigies  surround  the  altar  forming  a  sort  of  guard  to  it. 
These  efiSgies  have  the  shape  of  familiar  animals ;  a  turtle,  No.  1. 
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a  panther,  No.  2,  aud  a  cat-fish,  No.  5.  The  dark  spot  represents 
a  sink  hole,  and  the  shading  the  bluff  and  water-line.  The 
ground  rises  gradually,  so  that  the  central  mounds  are  higher  than 
the  efi3gies,  yet  it  can  be  seen  that  the  efiSgies  were  designed  as 


FIO.  2. 


Altar-moond  at  Lake  Koshkonong. 

guards  to  the  altar.  The  view  from  the  beacon  is  extensive,  and 
it  is  not  difficult  to  imagine  that  the  sacrifices  practised  upon  the 
altar  were  seen  from  a  great  distance.  The  group  is  on  the  banks 
of  the  lake,  and  commands  a  view  of  the  opposite  side  where 
there  are  many  other  mounds  surmounting  the  hilltops.  The  lo- 
cality is  attended  with  many  other  effigies  and  earthworks,  show- 
iug  that  the  spot  was  a  place  of  great  resort.  None  of  these 
mounds  have  been  excavated,  but  the  enclosures  resemble  others 
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which  have  been  found  to  contain  altars,  and  we  therefore  refer  to 
them  as  probable  specimens  of  sacrificial  places. 

We  will  now  call  attention  to  the  facts  which  we  have  discov- 
ered to  prove  that  there  were  altars  on  high  places  among  the 
emblematic  mounds.  The  first  locality  to  which  we  refer  is  one 
which  has  been  explored,  but  the  peculiarity  of  which  as  a  sacri- 
ficial place  we  claim  to  have  discovered.  It  is  situated  on  a  high 
ridge  which  forms  a  dividing  line  between  Lake  Monona  and  Lake 
Wingra,  near  Madison,  Wisconsin  (fig.  3).  This  locality  is  in 
plain  sight  of  the  railroad  depot,  of  the  Universit}',  of  the  State 
Capitol,  and  of  the  hotels  in  the  cit}'.  The  ridge  is  a  contorted, 
grotesque,  abrupt  line  of  high  gravel  knolls,  every  one  of  which  has 
mounds  on  its  summit,  the  shape  of  the  mounds  being  strangely 
conformed  to  the  shape  of  the  knolls.  This  species  of  animism,  by 
which  the  mound  and  the  earth  should  be  made  expressive  of  the 
same  thing  is  peculiar.  Here  is  the  "  double"  which  is  common  to 
all  animistic  faiths.  We  shall  not  dwell  on  this  point,  however, 
as  another  paper  will  illustrate  it,  but  refer  to  it  here  as  it  was  one 
item  which  led  to  the  discovery  of  the  sacrificial  place.  The 
mounds  on  these  knolls  were,  many  of  them,  burial-mounds,  for 
skeletons  have  been  exhumed  from  them.  They  were  also,  evi- 
dently "  Lookout  mounds,"  for  each  mound  has  its  own  field  for 
observation.  The  views  which  are  presented  from  the  diflerent 
mounds  are  as  unlike  as  can  be,  the  broken  character  of  the  sur- 
rounding country  requiring  particular  points  of  observations  to 
secure  particular  views.  Mounds  not  over  ten  or  twent}'  feet 
apart  will  give  entirely  diflferent  views. 

In  the  midst  of  this  ridge  at  its  highest  point  was  discovered  a 
group  of  eflagies  which  were  remarkable  alike  for  their  shape, 
their  relative  position,  and  their  conformity  to  the  ground  on 
which  they  were  placed.  It  will  be  noticed  that  several  of  the 
mounds  have  the  shape  of  animals,  one  of  them  a  serpent.  No. 
16,  another  a  panther.  No.  17,  another  a  fish.  No.  18,  and  an- 
other a  nondescript  creature.  No.  10.  These  are  all  conformed 
to  the  shape  of  the  ground.  The  serpent  forms  the  very  spine  to 
the  contorted  ridge,  and  follows  the  outline  and  rise  of  the  ridge, 
so  that  it  seems  to  be  crawling  upward  toward  the  altar.  The 
panther  is  situated  on  a  spur  of  the  ridge  which  runs  out  to  the 
east  of  the  central  group.  The  effigy  forms  the  summit  of  Ihis 
spur  and  follows  its  outline.     The  animal  lies  upon  its  side,  its 
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tail  reaching  to  the  very  foot  of  the  hill,  its  huge  body  lifted  high 
up  on  the  summit  on  the  ridge,  and  its  head  situated  at  but  a 
short  distance  from  the  altar.  The  long,  tapering  mound  follows 
the  outline  of  the  ridge  in  another  direction,  the  three  effigies 
forming  a  sort  of  guard  or  enclosure  for  the  central  group.  The 
relative  position  of  the  mounds  indicates  that  there  was  a  design 
in  the  mind  of  the  builders  to  make  them  serve  three  uses,  namely : 
to  guard  the  altar,  to  show  the  shape  of  the  ground,  and  to  give 
the  shape  of  the  totem  effigies. 

In  the  centre  of  the  group  is  a  signal-mound  or  beacon. 
This  is  situated  on  the  highest  point  of  land  and  commands  a 
view  of  three  of  the  beautiful  lakes  which  surround  the  locality  : 
Lake  Monona  to  the  east.  Lake  Wingra  to  the  west,  and  Lake 
Mendota  to  the  north.  Another  lake  is  situated  but  a  mile  or  two 
to  the  south,  but  cannot  be  seen  as  high  land  intervenes.  The 
point,  however,  is  central,  and  is  surrounded  by  an  amphitheatre 
of  hills  and  seems  to  have  been  the  centre  of  a  large  number  of 
earthworks  and  effigy  mounds.  There  are  emblematic  mounds 
on  all  the  surrounding  hills.  The  Capitol  occupies  the  site  of 
mounds  formerly  existing  on  that  hill.  The  University  is  sur- 
rounded by  effigies  which  were  formerly  more  distinct  oji  that  hill. 
The  Asylum,  across  Lake  Mendota,  four  miles  distant,  is  now  sur- 
rounded by  a  large  number  of  striking  effigies.  The  stone  quarry 
between  this  ridge  and  the  university  is  surrounded  b}'  a  large 
number  of  effigies.  Greenbush,  within  gunshot,  has  another 
group  of  effigy  mounds.  The  Home  of  the  Sisters  of  Charitj-, 
across  Lake  Wingra  to  the  west,  has  another  series  of  effigies. 
The  dairy  farm  and  fair  grounds,  between  the  Charity  Asylum 
and  the  University,  have  another  group.  Back  of  these,  on  the 
summit  of  the  high  bluffs  to  the  west,  is  the  cemetery,  where  there 
is  another  group.  To  the  east,  there  are  effigies  on  the  hills  be- 
tween this  ridge  and  the  assembly  grounds  at  Lakeside.  On  the 
opposite  bank  of  Lake  Monona,  three  or  four  miles  distant,  is  the 
shooting  park ;  here  is  another  group.  Still  farther  east  in  Mill's 
Woods  are  many  other  striking  effigies.  At  the  extreme  east  end 
of  Lake  Monona  is  a  series  of  gravel  knolls,  on  which  there  are 
also  effigy  mounds,  and  in  the  cornfields  back  of  these,  man}' 
burial  mounds.  The  ridge  which  bounds  the  horizon  to  the  east 
has  another  series  of  mounds.  To  the  southeast  of  these,  near  the 
outlet  of  Lake  Monona,  is  a  very  interesting  group  of  effigy  mounds 
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and  earthworks ;  and  to  the  northeast,  near  the  inlet  of  Lake  Mo- 
nona, is  still  another. 

The  locality  seems  to  have  been  well  chosen,  as  its  central  posV- 
tion  makes  it  conspicnous,  and  its  isolation  and  the  peculiar  shape 
of  the  ridge  would  make  it  a  prominent  object  in  the  landscape. 
The  sheets  of  water  come  so  near  to  the  foot  of  the  ridge  as  to 
give  an  unimpaired  view,  and  the  height  and  shape  of  the  knolls 
make  it  even  now  an  impressive  spot,  just  such  a  spot  as  would 
be  regarded  with  peculiar  awe  by  a  superstitions  primitive 
people.  It  needed  only  the  kindling  of  fires  on  the  summit  to 
throw  a  glare  of  light  across  the  water  and  to  fill  the  whole  land- 
scape with  shadows.  We  can  imagine  that  it  would  be  a  very 
weird  and  wiUl  place  for  the  erection  of  a  burial  mound ;  a  re- 
markably favorable  place  for  the  lighting  of  beacon  fires  and 
especially  favorable  for  the  practice  of  sacrificial  rites.  Of  the 
group  itself  we  do  not  need  to  give  a  very  extended  description ; 
figure  8  will  illustrate  this.  The  beacon  mound  is  the  central  ob- 
ject. Near  this  is  what  we  call  the  altar ;  it  has  a  peculiar  form 
resembling  that  of  a  tortoise  shell,  but  without  any  of  the  protu- 
berances which  would  represent  the  limbs  and  other  members  of 
the  tortoise.  This  so-called  altar  has  been  exhumed  and  remains 
taken  from  it.  Certain  members  of  the  Wisconsin  Academy  of 
Sciences  have  explored  this  mound,  and  we  quote  from  their  re- 
port.''^ 

^^  Mound  No.  1  is  pear-shaped,  being  78  feet  long  and  55  feet 
wide.  It  was  com[>osed  of  alternate  layei*8  of  mold  and  clay  to 
the  depth  of  6  feet,  then  a  layer  1  foot  thick,  succeeded  by  alter- 
nate layers  of  clay  and  mold  to  a  depth  of  9^  feet  where  the  nat* 
ural  surface  is  reached." 

"  The  penetration  was  carried  three  feet  below  the  natural  sur- 
face through  layers  of  bowlders  and  coarse  gravel.  A  fire  place 
two  by  two  and  one-Jialf  feet^  with  a  layer  of  charcoal  and  ashes  4 
inches  in  thickness,  was  found  at  a  depth  of  5  feet.  In  this  was  a 
piece  of  cloth  partially  burnt  which  for  the  most  part  crumbled  to 
powder  on  exposure  to  the  air.  Both  on  the  north  and  soath 
sides  fragments  of  bones  occurred  of  from  3  to  5  feet  from  surface 
in  an  advanced  state  of  decomposition.  In  the  centre  at  2  feet 
above  natural  surface  were  obtained,  nearly  broken  down  by  de- 

V  Seo  Transactions  of  Wis.  Academy  of  Sciences,  ToL  III,  p.  10,  fixr  1875-78. 
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composition,  the  femurs,  tibiae  and  fibulfle  of  a  single  skeleton, 
corresi)onding  to  6j^  feet  in  tlie  heiglit  in  the  living  subject.*' 

"Mound  No.  2  (tho  beacon  mound)  is  a  round  mound  40  feet 
in  diameter  and  sloping  to  the  base  of  No.  1.  The  line  joining 
the  centres  is  64  feet  long.  Tw^o  (ire-places  were  found  :  one  at  8 
feet  and  the  other  at  5  feet  bolow  the  surface.  Dimensions  the 
same  in  each,  3X6.  In  the  lower  one  were  partially  burnt  bones 
and  the  ashes.  At  6  foefc  were  found  some  pieces  of  pottery  and 
a  mass  of  bones  consisting  of  fragments  of  four  or  more  skele- 
tons in  a  tolerably  good  state  of  preservation,  corresponding  in 
height  to  5  feet  8  inches  to  6  feet  6  inches  in  the  living  subject. 
Photographs  of  the  two  crania  were  secured  and  figures  of  these 
are  given  with  the  report." 

This  is  the  description  on  which  we  base  in  part  our  supposition 
that  the  locality  was  a  sacriQcial  place.  The  figures  illustrating 
these  objects  may  be  seen  in  the  report,  and  so  we  omit  them  here. 

One  other  locality  where  altar-mounds  have  been  discovered 
may  be  worthy  of  mention  here.  It  is  a  mound  situated  on  the 
north  side  of  Lake  Mendota.  This  is  also  one  of  a  group  which 
was  located  on  high  ground  and  attended  with  a  lookout  mound. 
The  first  description  of  it  was  given  by  Dr.  J.  N.  De  Hart.® 

The  largest  pyramidal  tumulus  of  this  group  (fig.  4)  measures 
one  hundred  and  eighty-eight  feet  in  circumference,  and  thirty-five 
feet  from  the  base  to  its  summit.  From  its  summit  we  have  an 
extended  view  of  the  surrounding  country  several  miles  in  every 
direction.  The  altar-mound,  to  which  we  refer,  is  located  a  few 
yards  from  this  beacon  mound.  This  mound  is  about  five  feet  in 
height  and  one  hundred  and  twenty- five  feet  in  circumference. 
We  give  a  representation  of  this  mound  and  quote  from  Dr.  De 
Hart's  report.  "  After  removing  the  surface  a  layer  of  gravel 
was  found  one  foot  in  depth,  and  on  the  summit  a  layer  of  sand 
dipping  downwards  into  the  layer  beneath  it.  Following  this  was 
a  deposit  of  black  loam  three  feet  deep,  and  nnderneath  this  was 
another  layer  of  gravel,  and  then  a  deposit  of  earth.  A  thin 
stratum  of  gravel  was  then  removed,  when  ashes,  charcoal  and 
flints  were  found  lying  upon  an  altar  of  stones.  The  latter  rested 
upon  a  bed  of  yellow  clay.  The  altar  was  about  one  and  a  half 
feet  high,  three  and  a  half  feet  in  length,  and  two  feet  in  width. 

■  See  Transactions  of  Wisconsin  Academy  of  Sciences,  Vol.  IV,  1876,  p.  188.  See  also 
Amerioan  Antiqnarlan,  Vol.  I,  No.  4,  p.  199. 
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The  excavation  was  continued  downward  to  the  depth  of  three  and 
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a  half  feet  below  the  surrounding  surface,  but  nothing  further  was 
found." 
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Ak  Akciemt  Village  op  the  Ehblematic  Mound-builders; 
Caches  guarded  bt  Effigies  ;  Effigies  guarding  the  Vil- 
lage, AND  Sacrificial  Places  not  far  awat.  By  Stephen 
D.  Feet  of  Clinton,  Wis. 


Ttpical  Shapes  among  the  Ehblematic  Mounds  ;  the  different 
Attitudes  exhibited  bt  the  same  Animal.  By  Stephen  D. 
Pket  of  Clinton,  Wis. 


Game  Drives  among  the  Emblematic  Mounds  ;   Deer  Drives, 

APPARENTLY    CONNECTED  ;    BUFFALO    DrIVES  WITH    EXTENSIVE 

outlooks;    Hiding-places  for  hunters,  and  emblems  ac- 
companying THE  DIFFERENT  DRIVES.      By  STEPHEN  D.  PeET  of 

Clinton,  Wis. 


The  Correspondence  between  the  Prehistoric  Map  of  North 
Ajierica  and  the  System  of  Social  Development;  the 
Grades  op  Primitive  Society,  and  the  Condition  of  the 
Native  Tribes  compared.  By  Stephen  D.  Peet  of  Clinton, 
Wis. 


Personal  Observations  op  the  Missouri  River  Mounds  from 
Omaha  to  St.  Louis  :  considered  from  a  geological  stand- 
point.    By  E.  P.  West  of  Kansas  City,  Mo. 

[ABSTRACT.] 

The  mounds  extend  from  Omaha,  Nebraska,  to  St.  Louis,  Mis- 
souri, in  an  unbroken  chain  and  are  invariably  associated  with  the 
Loess  and  Terrace  formations  on  the  Missouri  River,  and  are 
probably  coextensive  with  them  or  their  equivalents  in  other  lo- 
calities. But  this  fact  has  but  little  significance  without  other 
facts  which  stand  associated  with  it.  The  black  vegetable  mould  is 
as  thick  on  the  mounds  as  on  the  adjacent  land.  The  trees  grow- 
A.  A.  A.  8.,  vol.  xxxn.  27 
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ing  on  them  are  as  lai^e  and  as  old  as  those  of  the  snirounding 
forests.  But  all  this  might  be  covered  by  a  period  of  500  years. 
Other  facts  which  may  be  superadded  are  more  condosiTe. 
Stone  implements  have  been  frequently  found  in  the  Loess  from 
three  to  thirty  feet  deep  under  conditions  that  leave  but  little  doobt 
of  their  having  been  lost  in  the  old  Champlain  lakes  and  covered 
in  where  found  by  the  super-accumulation  of  their  deposits.  Hu- 
man bones  were  found  at  Kansas  City  in  a  Loess  hill^  near  its  sum- 
mit, eighteen  feet  below  the  surface  and  within  ten  feet  above  the 
base  of  the  deposits  under  conditions  to  lead  to  the  belief  that  they 
were  engulfed  and  buried  in  the  same  way.  A  vase  of  antique 
pottery  was  found  in  a  Loess  hill  near  its  summit,  fifteen  feet  below 
the  surface,  in  clay  which  bad  every  indication  of  having  remained 
undisturbed  from  its  primitive  deposition,  at  White  Cloud,  Kansas. 
Another  vase  precisely  similar  in  every  respect  was  found  in  an 
artificial  mound  on  the  summit  of  the  bluff  overlooking  that  place 
and  the  Missouri  River  about  half  a  mile  distant,  but  at  a  greater 
elevation.  A  vase  of  the  same  antique  work  was  found  in  sinking 
a  well  on  a  broad  low  terrace  at  Manhattan,  Kan.,  at  a  depth  of 
nine  feet.  Dr.  Parr  of  Weston,  Mo.,  found  a  similar  vase  in  op- 
ening a  mound  on  the  summit  of  the  bluff  overlooking  that  place 
and  the  Missouri  River,  which  contained  the  vertebrae  of  a  fish 
and  some  shell  beads.  The  modern  Indian  erects  his  wigwam  on 
the  recent  alluvium,  and  in  the  valleys  and  upon  the  plains  wrought 
ofit  by  all  the  geological  ages,  with  equal  indifference,  showing  no 
preference  whatever  for  the  Loess  bluff  or  the  terrace  tables.  Not 
so  with  the  Missouri  River  mound-builders.  They  chose  these 
formations  to  the  exclusion  of  all  othera.  The  preference  could 
hardly  have  been  from  any  peculiarity  of  the  soil  or  of  the  forma- 
tions themselves,  and  wc  must  look  to  extrinsic  conditions  to  ex- 
plain their  choice. 

The  Loess  was  deposited  in  lakes  of  still  water  and  the  terraces 
were  formed  by  shore  washings,  and  exposed  by  subsequent  eleva- 
tions of  the  land  or  subsidence  ol  the  water.  May  we  not,  then,  look 
t^  these  lakes  for  an  explanation  of  the  preference  ?  May  we  not 
regard  the  Missouri  River  mound-builders  as  a  race  of  lake-shore 
dwellei*s,  made  so  from  considerations  of  food  supply  ?  It  is  prob- 
able that  all  of  the  mounds  in  Kansas,  Nebraska,  Iowa,  Missoori, 
Illinois,  Wisconsin,  Michigan,  Indiana  and  Ohio  north  of  the  40th 
degree  of  north  latitude  ai*e  of  about  the  same  age  and  correspond 
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within  a  few  hundred  years,  at  most,  with  the  age  of  the  Missouri 
River  mounds,  and  stand  associated  with  equivalent  geological 
formations,  t.  e.,  that  they  were  all  erected  fringing  on  lakes  which 
had  a  synchronous  existence  in  the  Champlain  epoch. 

The  occupancy  of  the  mound-builders  began  before  the  subsi- 
dence of  the  Missouri  River  and  Kansas  lakes,  otherwise  their  re- 
mains and  implements  would  not  be  found,  as  they  are  found,  in 
the  undisturbed  primitive  deposits.  And  the  changed  conditions 
which  followed  the  subsidence  preclude  the  idea  of  their  long  oon- 
tmuance  afterwards  without  changed  habits  and  modes  of  life. 
Outward  physical  conditions  in  a  great  measure  determine  the 
modes  of  life  of  a  primitive  people,  and  this  simple  race,  turning 
northward  after  the  close  of  the  ice  reign,  found  the  warm  Cham- 
plain  lakes  filled  with  fish,  inviting  an  occupancy  of  their  hospit- 
able shores.  Here  they  erected  their  mysterious  abodes  and  drew 
their  principal  food  supply  from  the  lakes.  But  time  moved  on 
with  its  inevitable  changes.  The  lakes  were  drained  and  the  sup- 
ply of  food  they  afforded  was  diminished,  while  the  productions  of 
the  land  were  increased  in  a  corresponding  ratio.  Conditions 
were  totally  altered  and  the  mound-builders  suffered  extinction  or 
else  were  forced  to  change  their  modes  of  life.  At  any  rate,  their 
distinctive  character  was  lost  long  before  the  European  touched 
foot  upon  this  continent. 

Were  tliey  exterminated  by  nomadic  neighbors,  or  did  they  be- 
come themselves  nomadic  in  their  habits?  We  may  never  know, 
but  their  total  and  tragic  extinction  is  most  probable. 


The  Moukb  Builders  Identified,    By  John  Campbell  of  Mon- 
treal, Canada. 

[ABSTRACT.] 

In  this  paper  it  was  taken  for  granted  that  the  ruling  tribes  of 
Mexico  and  the  Mound-builders  belonged  to  the  same  race.  This 
parent  race  is  alluded  to  in  the  Mexican  annals  as  that  of  the 
Citin.  The  author  derived  the  American  Citin,  whose  works  first 
appear  on  the  borders  of  Alaska  and  British  Columbia,  from  the 
Khitan  of  the  Chinese  and  Corean  historians,  who,  together  with 
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the  Tchoutchis,  once  occupied  a  great  part  of  Siberia,  took  posses- 
sion of  northern  China,  and  sent  colonies  into  Corea.  Tracing 
the  Khitan  backwards  he  found  an  earlier  seat  of  their  empire  in 
the  great  mound  country  at  the  head-waters  of  the  Yenesei  in 
Siberia,  the  mounds  of  which  bore  among  the  Tartars  the  tradi- 
tional name  Li  Katei,  or  the  sepulchres  of  the  Cathay ans.  Through 
Tartary  and  Western  Thibet  the  Punjaub  was  reached  and  a  more 
ancient  habitat  of  this  race  indicated  in  the  country  possessed  in 
the  time  of  Alexander  the  Great  by  the  Cathaei,  whose  capital 
was  Sangala.  Thence  along  the  line  of  the  Hindoo  Koosh  moun- 
tains and  the  southern  shores  of  the  Caspian,  he  arrived  at  the 
original  home  of  the  race  in  the  Caucasus,  Armenia,  Syria  and 
Mesopotamia,  where  it  was  known  to  the  Assyrians  and  Egyptians 
as  that  of  the  Khita  or  Kheti.  The  Khitan  empire  existed  on  the 
borders  of  Palestine  and  Syria  in  the  fifteenth  centuiy  B.  C.,aud 
was  destroyed  by  the  Assyrian  Sargon  in  the  year  717  B.  C. 
Soon  afterwards  it  was  reestablished  in  northern  India  where 
Alexander  found  it  still  flourishing  in  327  B.  C.  Aryan  encroach- 
ments did  not  succeed  in  wholly  overturning  this  empire  till  the 
fourth  century  A.  D.  Then  it  revived  in  Chorasmia  and  after  a 
short  existence  removed  its  seat  on  account  of  Tartar  invasions 
to  Siberia.  Another  eastward  movement,  the  result  of  foreign 
pressure,  marked  the  eighth  and  ninth  centuries,  during  which 
period  Corea  and  Japan  must  have  been  colonized  and  America 
discovered.  In  the  eighth  century  the  Toltec  empire  in  Mexico 
began,  and  in  the  eleventh  the  Aztecs  left  their  Asiatic  home. 

The  writer  called  attention  to  the  agreement  of  the  various  his- 
torical peoples  identified  as  members  of  the  Khitan  family  in 
physical  features,  language,  religion,  government  and  arts,  as 
mound-builders  and  the  possessors  of  a  peculiar  form  of  writing. 
He  then  proceeded  to  compare  the  Khita  hieroglyphics  of  Hamath 
and  Carchemish  in  Syria,  with  those  of  the  Siberian  inscriptions 
from  the  Yenesei,  the  Mound-builder  characters  on  the  Davenport, 
Brush-Creek  and  Grave-Creek  stones,  and  the  well-known  Aztec 
hieroglyphics,  exhibiting  their  identity  as  sj'llabic  types,  and  con- 
firming it  b}'  comparison  with  the  Cypriote  and  Corean  alphabets 
derived  from  the  same  source.  In  this  connection  he  referre<i  to 
translations  of  several  of  these  inscriptions,  Hittite,  Siberian  and 
Mound-builder,  published  by  him,  the  key  to  their  transliteration 
being  the  Aztec  hieroglyphic  system  and  to  their  translation  the 
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Japanese  language,  which  he  regarded  as  the  standard  of  Ehltan 
speech. 

He  then  presented  a  classification  of  existing  peoples  in  the 
Old  World  and  in  the  New  whose  primitive  stock  as  evinced  by 
language,  religion  and  tradition  was  Khitan,  however  modified  by 
hybridism  in  physical  feature.  The  following  is  the  classification  :— 


In  Europe. 
In  Asia. 


In  North  America. 


Basques  and  Ficts. 

Caucasians,  including  Georgians,  Circas- 
sians, Leshgians,  Mizjeji,  and  probably 
Ossetes. 

Turanian  Indians,  including  Pulindas, 
Quasi-Pulindas,  EarieiA. 

Siberians,  including  Yeneseians,  Tukahi- 
rians,  Koriaks,  Tchuktchis  and  Kam- 
tchatdales. 

Japanese,  including  Loo-Choos,  Ainos, 
Coreans  and  Japanese  proper. 

Dacotahs. 

Huron-Cherokees. 

Choctaw-Muskogees,  including  Natchez, 

etc. 
Pawnees 
Paduca-PuebloS; 
Tumas. 
Aztec-Sonoras. 

Lencas  of  Honduras. 
Chibchas  of  New  Granada. 
Peruvians. 
Chilenos. 


The  writer  referred  to  the  former  existence  of  a  hieroglyphic 
syllabary  among  the  Creeks  and  suggestisd  that  the  Cherokee 
alphabet  of  Sequoiah  had  been  derived  from  some  such  source. 
He  maintained  that  the  Sanscrit  of  American  speech,  by  which 
languages  of  apparently  diverse  origin  might  be  unified  as  to  source, 
must  be  looked  for  not  in  America,  but  in  the  old  world. 


In  South  America. 
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Metrical  Standard  of  the  Mound-builders,  deduced  bt  the 

METHOD    OF    BVBK    DIVISORS.       By    ChARLKS    WhITTLBSET   of 

Cleveland,  Ohio, 

[ABSTRACT.^] 

After  giving  an  account  of  the  principal  surveys  of  the  ancient 
works  of  the  state  of  Ohio,  the  author  stated  that  these  large 
groups  of  earth  walls  mark  the  sites  of  ancient  cities.  In  their 
original  state  their  greatest  height  was  probably  from  fifteen  to 
eighteen  feet,  generally  without  ditches.  Some  of  them  are  now 
fourteen  feet  above  the  surface  of  the  ground,  extending  at  various 
heights  more  than  a  mile  in  length.  Those  at  Marietta,  North 
Bend,  Portsmouth,  Newark,  and  near  Chillicothe,  are  yet  so  well 
preserved  that  they  can  easily  be  traced.  They  show  long  lines 
of  embankments,  rectangles,  squares  and  circles,  with  entrances 
or  gateways ;  and  also  mounds,  with  a  square,  rectangular  or  cir- 
cular base,  and  frequently  truncated  summits.  There  are  at  least 
fifty  combinations  of  this  kind  constituting  pueblos  or  ancient 
towns  within  the  limits  of  Ohio,  and  many  hundred  single  mounds, 
forts  and  isolated  works,  the  objects  of  which  are  still  conjectural. 
There  are  rarely  effigies  in  earth,  and  a  few  enclosures  and  mounds 
of  loose  stones.  The  engineers  who  laid  out  so  many  mathemati- 
cal figures  must  have  had  a  common  unit  of  measure. 

The  average  of  the  outstretched  arms,  from  finger  tip  to  finger 
tip,  has  long  been  recognized  to  be  a  fathom  of  six  English  feet 
generally  used  in  nautical  matters.  It  can  be  traced  as  far  back 
as  the  Romans.  There  is  a  name  for  it  among  the  ancient  Teutons 
and  Scandinavians.  The  origin  of  the  English  yard  is  not  known, 
but  the  probabilities  are  that  it  is  based  upon  the  fathom  divided 
in  half. 

If  we  look  to  the  human  arm  as  the  datum  of  the  mound-builder 
standard,  and  assume  for  the  purpose  of  discussion  that  a  rod  or 
stick  of  two  and  one-half  or  of  Jive  English  feet^  represents  very 
closely  the  measure  used  by  that  people  in  laying  out  their  earth 
works,  we  have  sixty  English  inches. 

The  best  determination  of  the  average  human  arm  gives  about 
thirty  inches  from  the  shoulder  joint  to  the  tips  of  the  second 
(or  long)  finger,  which  is  half  of  sixty  inches. 

>  Printed  ta  itOl  In  the  Tracts  of  Western  Beserre  Historical  Society,  CleTeland, 
1888. 
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If  the  outstretched  arms  truly  represent  the  fathom  of  two  yai'ds, 
the  average  breadth  of  the  chest,  between  shoulder  joints  is  one 
foot^  or  twelve  inches.  Laying  the  palms  fiat,  with  the  ends  of 
the  thumbs  touching  each  other,  the  spread  of  the  hands  is  a  close 
approximation  to  a  foot;  one  palm  and  its  thumb  is  a  half  foot, 
or  six  inches. 

Is  this  coincidence  accidental  ?  That  any  mound-builder  unit 
should  correspond  to  the  English  foot,  or  inch,  must  be  accidental, 
unless  there  is  something  in  common  in  the  derivation  of  the 
standards.  Some  of  the  banks,  platforms  and  forts,  where  tlie 
forests  still  remain  over  them,  appear  to  be  nearly  perfect ;  but,  of 
course,  the  upper  crests  have  been  shortened  by  exposure,  and 
the  base  lines  increased.  The  surveyor  generally  finds  them  in 
such  a  condition  that  fractions  of  feet  are  not  reckoned,  except  in 
regard  to  height.  Of  course  the  superior  lines  are  all  short,  more 
or  less,  and  the  lower  ones  are  all  too  long,  as  compared  with  the 
originals.  Where  the  measurements  are  taken  along  the  middle 
line  of  the  present  summits,  from  angle  to  angle,  the  distances 
must  be  neai*ly  the  same,  as  the  originals,  which  were  no  doubt 
measured  on  the  natural  surface,  along  the  middle  of  their  bases. 

A  survey  along  the  middle  of  the  surface  of  the  present  banks 
would  be  in  a  vertical  plane  directly  over  what  I  presume  to  be 
the  guide  line  of  the  mound-builder  engineers.  A  perimeter  de- 
termined in  that  way  cannot  materially  difler  in  length  from  the 
original,  but  a  very  large  proportion  of  the  works  are  not  regular 
figures,  with  equal  homologous  sides.  For  the  purpose  in  view, 
only  such  as  are  very  near  perfect  squares,  circles  or  rectangles 
will  be  used. 

Recently  Professor  O.  H.  Mitchel,  of  Marietta  College,  at  the 
instance  of  President  Andrews,  made  a  survey  of  two  prominent 
earth  platforms,  or  truncated  pyramids,  in  the  group  of  works  at 
Marietta,  O.  Professor  Mitchel  reports  that  their  fiat  surfaces 
are  in  good  presei-vation  —  one  146J  by  138.20  feet,  the  other 
118.14  by  200.  The  slopes  are  not  of  uniform  grade.  There  is 
no  diflSculty  in  making  exact  measurements,  which  were  determined 
by  two  sections  of  his  engineering  class,  but  they  difiiered  half  a 
foot  in  the  position  of  one  of  their  corner  stakes. 

Selecting  from  all  the  authorities  within  my  reach  such  lines  as 
appeared  to  have  been  measured  with  care,  I  found  them  to  be 
eighty-six  in  number.    Sixty-aeven  of  them  are  the  sides  of  seven* 
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teen  platforms,  squares  or  rectangles,  varying  in  length  from 
45  to  1,150  feet.  Eleven  are  the  radii  of  circles  88  to  860  feet  in 
diameter.  Portions  of  regular  works  that  are  so  much  injured 
that  good  measurements  of  all  the  parts  cannot  be  made,  having 
50  to  950  feet  in  length,  furnished  the  remaining  eight  lines. 
Long  lines  are  more  reliable  than  short  ones,  becaase  there  is 
always  some  doubt  as  to  the  points  where  to  begin  and  to  end; 
and  also  as  to  the  angle  where  the  middle  line  is  used. 

In  Ross  county  there  are  three  square  embankments  of  the  same 
size  having  1,080  feet  on  all  sides.  Below  is  the  result  of  the 
division  of  87  lines,  showing  the  results  in  a  tabular  form : 

Percentage  of  Hues  divisible  by  2i,  and  its  multiples. 
24  feet fifty-three  per  cent. 

5  ** fifty-flve         •« 

10     ♦* fiay-seven     •* 

15      " forty-flve       " 

Divisible  by  3  and  Its  maltiples. 

8  ** thirty-six  per  cent. 

6  ** twenty-three" 

9  " twenty-three" 

12      •* four  " 

Divisible  by  4 i     •    .    twenty-five    " 

**        **    8       fifteen  " 

It  would  seem  to  be  a  certainty  that  the  ground  plans  should  have 
been  laid  out  by  a  rod,  which  was  not  used  in  fractional  parts.  If 
a  large  number  of  base  lines  are  found  to  be  divisible  by  one  figure, 
it  would  be  a  very  strong  inference  that  the  measuring  rule  of  the 
builders  was  about  that  length.  But,  because  we  use  feet  and 
inches  to  make  our  measurements,  that  affords  no  proof  that  the 
ancients  made  use  of  feet  and  inches.  We  have  no  other  mode  of 
making  comparisons,  but  there  were  many  other  units  which  they 
could  have  used. 

The  length  of  the  average  human  arm,  and  of  the  pace,  are  very 
near  to  tJdrty  indies^  or  two  and  one'haJf  feet.  In  some  countries 
the  pace  is  reckoned  from  the  track  of  one  foot  to  the  next  one  of 
the  same  foot,  or  Jive  feet,  equal  to  sixty  inches. 

Because  the  rule  or  measuring  stick  of  the  mound-builders  ap» 
pears  to  have  been  equal  to  a  given  number  of  our  inches,  and 
derived  from  the  arm  or  pace;  it  by  no  means  follows  that  its 
subdivisions  were  equal  to  our  own,  or  that  they  knew  of  either  of 
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them.  Admitting  that  their  metrical  standard  was  thirty  inches, 
it  may  have  been  divided  in  lialf^  equal  to  fifteen  inches ;  or  into 
quarters  of  7^,  and  eighths  of  3J  inches.  These  spaces  are  divis- 
ible by  Jialf  an  inch,  by  three-fourths  of  an  inch,  and  by  an  inch 
and  a  Jko^f  as  readily  as  by  an  inch ;  except  the  eighth  part. 
What  the  subdivisions  really  were,  we  are  left  wholly  to  conjecture. 


Methods  of  Abrow  Release.    By  E.  S.  Morse  of  Salem,  Mass. 

[ABSTRACT. 

The  author  recited  the  rules  at  present  applied  in  the  American 
system  of  archery  ;  the  bow  being  drawn  with  the  right  arm,  the 
arrow  being  placed  on  the  left  side  of  the  bow,  an^  three  fingers 
being  used  to  hold  the  arrow.  Among  the  Japanese,  a  difierent 
system  prevails :  the  arrow  is  placed  on  the  right  side  of  the  bow 
as  it  is  held  perpendicularly,  and  the  drawing  of  the  bow  is  per* 
formed  with  only  the  thumb  and  one  finger  on  the  shaft.  China, 
Japan,  and  the  Corea  are  alike  in  this  manner  of  drawing  the  bow. 
Among  Indian  tribes,  the  methods  of  arrow-release  diflfer  very 
widely.  In  general  it  may  be  stated  that  our  system  of  aiTOw- 
release  (which  the  author  designated  as  the  Saxon  method)  is  sub* 
stantially  the  same  as  that  of  the  majority  of  European  races,  the 
modifications  of  the  system  among  them  not  being  important. 

The  Japanese  use  a  glove  with  a  heavy  thumb,  and  sometimes 
a  heavy  ring  on  the  thumb.  Mr.  Morse  exhibited  the  Japanese 
archery-glove.  It  has  a  filling  of  wood  and  pitch  in  the  thumb, 
which  aids  in  grasping  the  arrow.  He  considered  this  glove  the 
best  of  its  kind. 

Our  system  of  three-finger  release  is  certainly  as  good  as  any 
other,  and  probably  is  the  best.  With  this  system  our  archers  — 
for  instance,  some  in  Ohio — are  able  to  outshoot  any  Indian,  tried 
by  all  the  usual  tests.  As  to  the  methods  of  stringing  the  bow,  the 
author  had  not  been  able  to  find  much  uniformity.  A  number  of 
dififercnt  modes  were  exhibited. 
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The  Kitchens  of  the  East.    By  E.  S.  Mobsb  of  Salem,  Mass. 

lABSTRACT.] 

The  author,  during  his  travels  in  eastern  Asia,  had  made  some 
observations  on  the  cooking-apparatus  there  in  common  use.  The 
Japanese  largely  employ  a  mere  fireplace,  over  which  the  vessels 
containing  food  are  suspended  by  hooks :  they  have,  however,  two 
or  three  kinds  of  regular  stoves  of  different  designs.  In  ChiBa, 
stoves  of  a  definite  character  are  in  use :  one  was  found  in  Canton 
which  was  very  elaborate ;  it  was  long,  and  had  numerous  open- 
ings. In  Singapore,  there  appears  to  be  only  one  kind  of  stove, 
and  it  is  of  decidedly  primitive  construction.  In  fact,  it  is  little 
more  than  a  rough  trough  filled  with  earth  and  sand,  on  which  are 
laid  rough  stones  selected  with  reference  to  pots  of  various  sizes; 
and  the  fii*e  is  built  among  the  stones.  The  kitchens  in  which 
these  constructions  are  found  are  invariably  very  dark  and  dirty. 
In  northern  Java  the  author  found  a  stove  made  of  arched  clay,  as 
half  an  earthen  pipe  would  be  if  cut  through  the  axis  of  the  cylin- 
der. This  half-cylinder  is  set  with  the  open  part  down,  and  fire  is 
built  under  its  arch.  Holes  are  cut  through  the  crown  of  the  arch, 
to  hold  some  of  the  pots,  while  others  are  merely  set  upon  the  sur- 
face. 


In-door  Games  of  the  Japanese.    By  E.  S.  Mobse  of  Salem,  Mass. 

[ABSTRACT.] 

Among  the  simple  in-door  games  of  the  Japanese  are  some  that 
are  played  with  balls,  jackstones,  and  cat's-cradle ;  but  all  these 
are  more  elaborate  than  with  us,  and  the  cat's-cradle  goes  through 
a  far  greater  variety  of  changes.  The  author  believes  that  the 
greater  intricacy  of  Japanese  simple  games  is  due  to  the  fact  that 
older  people  take  more  interest  in  them.  Among  these  games, 
there  is  one  similar  to  "  Simon  says  thumbs  up ; "  there  are  tricks 
with  the  hands,  much  like  our  own  ;  and  there  are  numerous  games 
of  striking  hands,  which  appear  easy,  but  require  much  practice  to 
acquire  adroitness.    There  are  many  games  that  test  strength  or 
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endurance :  among  them  are  some  in  which  ears  and  noses  are  pulled, 
and  others  where  the  competitors  each  hop  on  one  foot,  and  try  to 
push  their  rivals  over. 

They  have  a  very  elaborate  game  entitled  Yo.  The  pieces  are 
placed  on  intersections  instead  of  on  squares.  It  frequently  takes 
a  month  to  play  one  game,  and  the  players  often  deliberate  over 
a  move  for  an  hour  or  two.  Experts  in  the  game  acquire  a  wide 
reputation.  Japanese  chess  is  probably  the  most  intricate  game 
in  the  world.  The  board  has  eighty-one  squares,  and  twenty 
pieces  are  used,  which  have  moves  somewhat  like  our  own,  though 
none  are  exactly  similar.  The  pieces  change  in  grade  when  they 
arrive  at  a  ceitain  position  on  the  board.  The  strangest  feature  of 
the  game  Is,  that  either  player  can  take  any  piece  which  has  been 
captured  from  him,  replace  it  on  the  board,  and  use  it  against 
his  adversary.  This  makes  the  game  utterly  bewildering  to  a 
foreigner. 

The  Japanese  have  no  games  with  spotted  and  court  cards  like 
ours ;  but  they  have  a  card  game  of  "  authors, "  which  compels 
players  to  cap  verses  of  classic  poetry. 
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THE  METHODS   OF  STATISTICS. 


I  iNYiTB  yonr  attention  to  a  few  thoaghts  upon  the  methods  of 
statistics  —  using  the  term  '^  statistics  "  in  its  broadest  sense,  as  a 
*'  statement  of  facts. '' 

The  subject  naturally  divides  itself  into  two  distinct  operations : 
the  collection  of  the  data  fVom  which  information  is  to  be  ob- 
tained, and  their  classification  in  a  manner  that  shall  without  error, 
and  with  the  least  labor,  present  the  results  in  a  form  most  con- 
venient for  use. 

Commencing  with  the  first  of  these,  —  the  collection  of  facts, 
—  it  would  be  needless  to  remark,  that  everything  depends  upon 
the  simplicity,  accuracy,  and  completeness  with  which  they  are  ob- 
tained, and  that  by  no  subsequent  operation  can  their  errors  be 
eliminated,  or  their  deficiencies  satisfactorily  supplied. 

It  may  be  remarked,  in  general,  that  no  intelligent  person,  busi- 
ness firm,  or  corporation,  can  safely  begin  any  enterprise,  —  nor 
can  any  government,  from  the  lowest  municipal  to  the  highest 
national  form,  undertake  any  measure  with  prudence,  —  without 
first  knowing  all  that  can  be  ascertained  beforehand  concerning  it. 

In  private  business,  inquiries  are  naturally  made  as  to  the  cost 
and  the  profits.  If  it  requires  the  use  of  a  raw  material,  the  par- 
ties will  endeavor  to  make  themselves  sure  as  to  its  abundance, — 
the  probability  that  the  supply  will  be  maintained,  — or,  if  it  be  of 
limited  amount,  the  quantity,  and  the  time  that  it  will  hold  out. 
They  will  need  to  know  the  changes  that  may  happen  in  amount, 
quality,  and  cost ;  and  similar  inquiries  will  be  made  as  to  the  ex- 
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penses  that  may  be  incurred  while  in  their  hands,  —  the  chances 
of  loss,  or  of  change  in  value,  —  and,  finally,  the  extent  of  the  de- 
mand for  whatever  may  be  the  product  of  their  skill,  industry,  and 
investment,  its  probable  permanence,  and  its  tendencies  to  change. 

These  questions,  being  well  considered  in  the  beginning,  will  en- 
able the  careful  operator  to  avoid  losses  from  imprudent  invest- 
ment, from  over-supply  of  the  markets,  or  from  the  depression  of 
receipts  below  the  limits  of  cost. 

By  a  train  of  reasoning  analogous  to  this,  those  intrusted  with 
the  government  of  towns,  cities,  or  states,  may  determine  as  to  how 
far  the  cost  and  maintenance  of  public  enterprises  will  be  justified 
by  the  results ;  but  with  this  difference,  that  the  benefits  or  profits, 
instead  of  being  measured  by  a  money  value,  are  often  to  be  found 
in  an  advancement  of  the  public  welfare,  and  in  the  security,  con- 
venience, and  prosperity  that  may  ensue. 

But  whether  in  private  enterprise  or  public  undertaking,  we  may 
attribute  success  alike,  in  both,  to  an  attentive  notice  of  the  facts 
and  circumstances  upon  which  they  depend  ;  and,  if  loss  or  failure 
follow,  the  reasons  may  very  generally  be  traced  to  ignorance  or 
inattention  as  to  the  facts  and  probabilities  that  should  have  been 
known  beforehand. 

These  thoughts  lead  us  directly  to  the  point  we  are  first  to  con- 
sider, viz. :  How  shall  the  knowledge  of  the  required  information 
be  obtained?  In  the  primitive  way  (and  for  a  small  business 
this  may  be  the  best  one),  the  person  will,  from  his  own  observa- 
tion, "  look  over  the  ground,"  and  consider  the  various  points  to 
be  taken  into  the  account.  He  will  make  inquiries  of  others,  as 
to  the  supply,  demand,  prospects  of  competition,  and  the  like ;  and 
thus  accumulate  a  certain  amount  of  information^  upon  the  extent 
and  accuracy  of  which,  his  success  or  failure  will  in  a  great  d^ree 
depend. 

Advancing  a  step  farther,  we  find,  in  most  great  industries  and 
interests  of  the  country,  that  those  in  the  same  business  or  pursuit, 
whether  in  the  arts  or  sciences,  or  in  financial  operations,  however 
they  may  be  influenced  by  local  rivalries  or  petty  jealousies,  are 
constantly  tending  to  the  formation  of  associations  or  societies,  for 
the  advancement  of  their  common  interests.  They  meet  for  the 
discussion  of  methods  by  which  expenses  may  be  saved,  or  profits 
increased.  They  inquire  of  one  another  as  to  their  experience  or 
observation  upon  doubtful  points.    They  seek  to  gather  light  and 
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aid  from  science  to  stimulate  and  reward  invention,  and  to  excite 
rivalries  in  the  comparison  of  improved  products.  They  discuss 
financial  and  national  questions  that  may  effect  their  welfare ;  and 
not  unfrequently  they  appoint  committees  or  agents,  from  their 
own  number,  to  gather  statistical  facts  and  details  for  their  own 
use  and  guidance. 

We  consider  the  information  thus  obtained,  as  deserving  high  rank 
in  point  of  accuracy.  It  is  chiefly  taken  from  records,  without  a 
motive  for  concealment  or  evasion,  and  with  a  full  knowledge  that 
self-deception  and  loss  would  result  from  error,  whether  above  or 
below  the  truth. 

From  this  combined  experience,  each  member  who  participates 
obtains  a  standard  for  comparing  his  own  results  with  the  general 
average.  He  cannot  afford  to  fall  below  it,  and  he  has  the  strong- 
est motives  for  reaching  the  highest  limits  that  have  been  reached 
by  others. 

Still  these  statistics,  however  accurate  they  may  be,  are  neces- 
sarily special,  and  often  technical  in  their  nature.  They  cannot  be 
compared  with  those  of  another  business,  and  may  be  incomplete 
within  themselves,  as  naturally  relating  to  methods,  rather  than 
to  financial  details.  They  might  show  how^ rather  than  howmucli. 
They  will  seldom  contain  a  balance-sheet  of  profit  and  loss,  or  any- 
thing that  would  advance  the  fortunes  of  a  rival  in  business,  or  re- 
veal the  secrets  of  an  unprofitable  enterprise.  We  must  receive 
them  as  we  find  them, — good  only  as  far  as  they  go. 

Besides  these  associated  business  inquiries,  prompted  and  guar- 
anteed by  self-interest,  we  find  various  others,  voluntarily  under- 
taken with  reference  to  particular  subjects,  often  for  the  promotion 
of  a  moral,  religious,  benevolent,  educational,  or  political  object 
and  ranging  in  value  all  the  way  between  the  accuracy  of  statements 
taken  from  recofds,  or  gathered  by  faithful  inquiry,  by  chosen  spec- 
ial and  zealous  agents  on  the  one  hand,  and  the  random  conjectures 
carelessly  returned  by  those  who  know  but  little,  and  care  still  less, 
about  the  subject  of  inquires  on  the  other.  It  would  be  wholly  im- 
possible to  assign  a  scale  of  value  to  statistics  thus  obtained,  where 
everything  depends  upon  the  circumstances  of  the  case,  and  the 
accuracy  of  information  on  the  part  of  those  who  make  returns, — 
the  fulness  with  which  they  are  reported  and  the  care  with  which 
they  are  combined. 

We  have  another  class  of  non-official  statistics  collected  and  pub- 
A.  A.  A,  s.,  VOL.  xxxn.  28 
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lisbed  by  private  enterprise,  for  the  information  of  particular  trades 
or  professions,  or  for  use  by  the  general  public ;  their  repnt&tion 
and  success  depending  wholly  upon  their  accuracy,  and  being 
brought  to  the  test  of  local  and  personal  knowledge  every  day  and 
everywhere,  we  may  naturally  expect  them  to  be  as  accurate  as 
they  can  be  made.  In  this  class,  we  may  include  directories,  trade 
and  market  reports,  financial  transactions,  and  the  current  commer- 
cial statistics  generally. 

There  may  be  instances  where  they  are  tainted  with  a  suspicion 
of  private  or  speculative  motive :  but  such  is  the  vigilance  of  rival 
enterprise,  that  detection  will  quickly  follow,  and  an  exposure 
would  at  once  degrade  a  reputation  for  independence  and  impartial 
statement,  to  the  rank  of  a  private  job  for  a  speculative  end. 

Exhibits  openly  made,  for  the  avowed  purpose  of  presenting  the 
favorable  side  of  a  business  enterprise,  may  be  taken  for  what  tbej 
are  worth,  and  are  often  trustworthj' ;  but,  when  concealed  under 
a  false  pretence,  they  deserve  suspicion,  and,  when  exposed,  they 
generally  injure  the  interest  that  they  represent. 

The  best  of  these  statistics  are  taken  from  records,  and  are  en- 
tirely correct ;  others  are  collected  by  special  agents,  and  should 
be  approximately  near  the  truth ;  and  there  is  still  another  class, 
made  up  from  the  estimates  of  those  supposed  to  know  the  facts, 
and  which  must  wander  more  or  less  from  the  actual  conditioDS 
that  they  attempt  to  represent. 

It  may  be  said  of  all  of  them,  that  their  greatest  value  is  for 
present  use.  They  quickly  pass  by,  to  give  place  to  the  next 
issue,  and  remain  only  as  historical  records ;  but,  as  such,  they 
still  afford  a  most  valuable  means  of  comparison  between  the  pres- 
ent and  the  past,  and  become  landmarks  of  progress,  ever  instruc- 
tive to  those  who  may  be  seeking  to  tiace  the  origin  and  growth 
of  our  industries  and  our  resources ;  and  now  at!d  then  they  are 
recalled  as  precedents,  where  new  questions  arise,  under  circum- 
stances deemed  similar  to  the  past. 

We  will  next  consider  some  points  relating  to  inquiries  under- 
taken by  authority  of  government,  either  for  the  intelligent  dis- 
charge of  its  own  functions,  or  for  general  information,  the  good 
of  its  citizens,  and  the  advancement  of  knowledge  among  mankind. 

We  may,  in  general,  remark,  that  nothing  can  be  properly  done, 
in  the  machinery  of  government,  without  leaving  its  record.  If 
money  or  property  is  received,  there  is  an  entry ;  if  a  payment  is 
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made,  or  if  property  issued,  there  is  also  an  entry,  and  a  receipt 
to  prove  it.  In  short,  the  whole  theory  of  our  government  in- 
volves the  necessity  of  a  record  of  every  official  transaction  ;  and  it 
is  only  in  the  eases  of  intentional  fraud,  or  gross  neglect,  or  una- 
voidable accident,  that  the  history  of  every  public  act  cannot  be 
traced  from  these  recoixls. 

A  record,  to  be  trustworth}^  should  be  made  at  the  time  of  trans- 
action, and  while  all  the  facts  as  to  time,  subject,  and  amount, 
or  other  points  of  statement,  are  fresh  in  mind.  Nothing  should 
be  trusted  to  the  memory,  and  for  record  at  more  convenient  sea- 
son. It  should  be  concise,  and  easily  understood,  and  may  often 
be  very  greatly  assisted  by  tabular  arrangement. 

The  summaries  of  these  records,  as  published  by  the  government, 
are,  we  believe,  with  few  exceptions,  entitled  to  great  confidence, 
as  far  as  they  present  transactions  done  by  authority,  or  passing 
under  the  notice  of  government  agents. 

We  may  clasoify  the  official  statistics  of  the  government  under 
the  following  heads :  * 

Firstj  Summaries  of  current  business,  published  annually  or  at 
shorter  intervals. 

Secondj  Periodical  inquiries  made  at  wider  intervals,  as  in  the 
census,  and  requiring  special  agencies  for  their  execution. 

Thirds  The  inquiries  made  by  experts,  or  b}*^  special  commis- 
sions or  agencies  created  for  a  particular  purpose.  This  class  is 
sometimes  associated  with  one  or  the  other  of  the  preceding. 

Taking  from  among  these  classes  the  census,  as  one  of  the  most 
important,  let  us  notice  some  of  the  methods  by  which  it  has  been 
taken. 

The  earliest  returns  that  I  have  found,  in  colonial  times,  were 
made  by  sheriffs  and  constables.  At  a  later  period,  the  national 
census  was  for  a  long  period  taken  by  the  marshals  of  the  district 
courts,  or  their  deputies,  —  officers  whose  duties  are  quite  analo- 
gous to  the  former;  and  this  practice  of  assigning  the  task  to 
sheriffs  still  prevails  in  several  of  the  states. 

In  many  other  cases,  assessors  discharge  the  duty.  In  New 
York,  before  1855,  special  agents  were  appointed  by  local  author- 
ities ;  and,  commencing  with  that  year,  they  have  since  been  ap- 
pointed by  the  secretary  of  the  state.  The  appointing  power  has 
been  vested  in  state  boards,  in  boards  of  county  commissioners, 
and  in  the  judges  of  inferior  county  courts.    Assuming  what  I 
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think  all  will  admit,  that  census  inquiries  should  be  made  entirely 
free  from  any  suspicion  that  some  tax  or  some  personal  liabilit}'  is 
to  be  incurred,  it  is  evident  that  an  assessor  cannot  question  an 
ignorant  man  about  his  property  and  his  crops,  without  exciting 
his  fears  that  some  tax  is  to  be  laid.  The  sheriff  or  the  constable 
seldom  makes  a  professional  call,  except  to  serve  some  pai>ers  or 
make  an  arrest.  There  is,  therefore,  a  strong  reason  for  ap|x>int- 
ing  persons  who  are  to  make  the  census  inquiries  their  only  busi- 
ness, and  for  making  it  widely  known  that  there  is  no  taxation, 
enrolment,  or  other  liability  incurred  by  giving  full  and  true  re- 
turns, and  that  there  is  no  sectarian  or  political  end  to  be  served 
by  the  inquiry. 

This  excellent  end  is  now  well  enough  secui'cd  under  the 
national  law,  and  in  several  of  the  states.  They  have  a  still  better 
method  in  Great  Britain,  where  a  system  of  registration  of  births, 
marriages,  and  deaths,  has  its  districts  and  its  agents  under  con- 
stant organization,  and  to  which,  once  in  ten  years,  the  census 
can  be  assigned,  without  creating  new  oflSces.  In  Sweden,  where 
a  system  of  registration,  including  also  a  record  of  change  of 
residence,  is  in  charge  of  the  parish-clerks,  they  take  a  census 
whenever  they  choose  to  post  the  books,  without  any  special  in- 
quiries being  made,  more  than  what  these  records  contain. 

In  the  national  census  before  1850, —  in  New  York  before  1855, 
—  and  in  some  of  the  states  still,  each  family  had  one  line  upon 
the  blanks ;  and  the  number  of  persons  of  different  ages,  sexes 
and  color,  were  entered  in  columns  provided.  The  limit  of  classi- 
fication was  of  course  restricted  to  these  columns ;  and,  although 
the  totals  of  each  class  were  easily  obtained  by  adding,  the  results 
were  meagre  and  unsatisfactor}^ 

The  change  that  allowed  a  line  for  each  name,  one  column  for 
the  exact  age,  and  other  columns  for  native  country,  pi-ofession  or 
occupation,  etc.,  while  it  simplified  the  labor  of  taking,  allowed 
ample  field  for  classification  ;  and  it  made  it  necessary  to  employ 
a  large  force  of  clerks,  in  a  central  oflace,  for  the  reduction  of  the 
returns  for  publication. 

By  a  method  now  generall}^  used  in  Europe,  the  census  is  taken 
upon  "  householders'  schedules,"  which  are  distributed  one  to  each 
family,  some  days  beforehand,  filled  out  by  the  head  of  the  famil}-, 
and  collected  upon  one  day.  The  onl^'  instance  in  which  this  has 
been  done  in  the  United  States,  within  my  knowledge,  was  in  the 
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District  of  Columbia,  upon  the  eleventh  of  November,  1867. 
This  census  was  taken  by  the  metropolitan  police,  under  my  own 
direction,  and  with  entire  success.  It  was  attempted  in  the  city 
of  Baltimore  some  months  afterward,  and  failed,  apparently  from 
want  of  proper  management  on  the  part  of  those  in  charge. 

For  all  kinds  of  official  inquiries,  relating  to  business,  as  well 
as  to  personal  statistics,  I  think  the  true  and  proper  method  is,  by 
means  of  special  blanks,  carefully  prepared,  simple,  and  fully  ex- 
plained. These  should  be  distributed  some  little  time  beforehand, 
and  should  be  taken  up,  if  not  in  one  da}',  within  a  short  period 
of  time,  but  with  reference  to  a  given  day.  The  chief  difficulty 
to  be  encountered  is  the  illiteracy  of  those  who  should  fill  the 
blanks  ;  but  in  the  District  of  Columbia,  which  in  1867  contained 
a  large  number  of  colored  families,  but  recently  freed  from  slavery, 
the  blanks  had  been,  in  almost  every  case,  ffiled  out  by  some  one 
to  whom  they  had  been  carried. 

In  following  our  subject,  the  "  Methods  of  Statistics,"  we  may 
notice  some  points  in  the  condensation  and  arrangement  of 
facts  that  may  be  of  interest. 

With  a  vast  amount  of  information  before  us,  as,  for  example, 
in  the  returns  of  a  census,  let  us  consider  what  is  to  be  done,  and 
how  it  can  be  done  with  the  least  labor  and  greatest  certainty. 
After  inspection  to  make  sure  that  the  work  is  all  together,  in 
proper  order  and  condition,  it  will  be  found  that  several  distinct 
operations  are  necessary,  in  preparing  the  results  for  the  press. 
Columns  of  figures  must  of  course  be  added,  and  carefully  revised. 
As  the  totals  of  several  sheets  will  often  be  consolidated  into  one 
sum,  it  is  best  to  use  spare  sheets  of  the  same  schedule  for  en- 
tering the  totals  of  pages,  so  that  these  partial  totals  can 
be  easily  combined.  It  is  always  a  good  practice,  where  long 
columns,  of  many  figures  in  each,  are  to  be  entered  in  adding,  to 
provide  paper  with  narrow  vertical  ruling,  that  shall  allow  of  but 
one  figure  in  a  space.  In  cases  where  the  first  two  or  three  right- 
hand  characters  are  generally  ciphers,  they  may  be  left  out  alto- 
gether, the  significant  figures  only  being  entered  in  their  proper 
places.  It  saves  a  little  time  and  labor,  and  does  not  lead  to 
error. 

Where  a  great  amount  of  statistical  material  is  reported, —  as, 
for  example,  the  names  in  a  census, —  the  blanks  should  always 
be  plainly  divided  by  horizontal  and  vertical  lines,  printed  in 
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preference  to  ruled.  The  horizontal  lines  should  be  numbered  from 
the  top  downward,  upon  both  margins.  This  numbering  is  the 
more  important  where  an  entry  is  carried  across  to  another  page. 
Each  line  should  contain  but  one  entry,  and  there  should  be,  if 
possible,  no  blank  lines  except  at  the  end.  Then,  with  a  little 
multiplication-table  at  hand,  showing  the  number  of  lines  in  a  full 
sheet,  and  for  each  number  up  to  the  highest  that  are  likely  to  be 
found  in  a  return,  the  totals  can  be  rapidly  and  accurately  ascer- 
tained, as  follows :  The  number  of  sheets  are  first  counted  on  the 
back  edge,  and  the  number  of  entries  they  should  contain,  if  full, 
are  set  down.  Then,  by  glancing  over  each  page  separately,  it  is 
easy  to  notice  whether  there  are  an}'  lines  with  two  entries,  any 
blanks,  or  any  lines  in  excess.  The  deficiencies  are  set  down  in 
one  column,  the  excess  in  another,  and  their  difference  is  added  or 
subtracted,  as  the  case  may  require,  when  the  true  sum  is  at  once 
found.  This  operation,  which  is  the  first  thing  done,  should  be 
repeated  by  another  person  ;  and,  when  found  to  agree,  it  should 
be  kept  as  a  test-number  for  verifying  the  accuracy  of  much  of 
the  work  that  is  to  follow.  In  measuring  parts  of  pages,  a  scale 
made  of  a  strip  from  the  margin  of  a  blank  schedule,  and  pasted 
upon  a  card,  will  save  all  labor  of  counting. 

In  statistical  labors,  where  the  same  returns  afford  material  for 
a  considerable  number  of  deductions, —  as,  for  example,  the  pop- 
ulation sheet  of  the  census, —  it  is  generally  best  to  take  one  thing 
at  a  time.  Thus,  the  ages,  professions,  nativities,  civil  condition, 
etc.,  should  be  taken  by  separate  operations,  and  not  two  or  more 
at  once.  There  is  not,  however,  the  least  need  of  confusion  in 
keeping  the  subdivisions  of  these  subjects,  in  two  or  four  classes, 
—  as,  for  example,  ages  by  sex  and  color, —  by  a  simple  arrange- 
ment of  heavy  and  light  horizontal  lines  upon  the  tally-sheet,  and 
a  little  practice  in  its  use. 

There  is  much  to  be  gained,  both  in  time  and  accuracy,  by  a 
proper  arrangement  of  a  tallj-sheet.  The  grouping  together  of 
tally-marks,  by  making  four  down  and  one  across,  so  as  to  divide 
the  work  into  groups  of  fives,  is  so  natural  and  obvious  a  method, 
that  few  who  have  had  occasion  for  this  kind  of  work  could  have 
failed  to  adopt  it.  By  an  arrangement  which  I  have  used  to  a 
large  extent  in  census  work,  I  have  had  my  tally-sheets  printed  off 
into  squares,  so  that  each  compartment  should  receive  one  group 
of  five,  and  no  more.    Then,  by  a  series  of  numbers  with  a  com- 
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mon  difference  of  five,  printed  across  the  top  of  tbe  sheet,  at  the 
head  of  each  vertical  column,  the  number  of  tally-marks  in  a 
horizontal  row  can  be  known  at  once,  by  glancing  along  the  verti- 
cal column  containing  the  last  full  group  of  fives,  to  the  nnmber 
printed  at  the  top,  and  then  adding  the  marks  in  excess,  but  less 
than  five,  in  the  next  compartment.  This  saves  all  counting,  and 
a  considerable  amount  of  time.  There  is  also  an  advantage,  on 
account  of  the  eyesight,  in  having  the  tally-sheets  of  some  other 
color  than  white :  a  neutral  tint  might  be  best,  but  I  have  found 
common  manilla  paper  answer  every  purpose. 

Flans  have  been  proposed  for  using  cards  of  different  sizes  and 
colors,  properly  inscribed  or  numbered,  as  counters,  for  classify- 
ing a  variety  of  facts,  forming  together  a  definite  whole.  By  us- 
ing colors,  the  eye  becomes,  without  mental  effort,  a  guide  to  the 
hand,  in  their  distribution  into  piles  or  cells  in  a  case ;  and,  when 
the  work  is  done,  their  number  may  be  accurately  known  by 
weighing,  or  by  measuring  the  height  of  each  pile.  Those  of 
different  sizes  could  be  separated  by  mechanical  devices,  without 
handling,  and  a  little  practice,  wiiiout  liability  to  error. 

It  may  be  said  generally,  that  the  chief,  indeed  tlie  only  real, 
difllculty,  in  the  preparation  of  statistical  data,  consists  in  getting 
the  facts  correctly.  There  is  nothing  in  the  operation  of  a  central 
ofiSce  that  needs  to  involve  error ;  or,  if  an  error  is  committed, 
there  should  be  no  difficulty  in  tracing  it  to  the  clerk  who  is  re- 
sponsible for  it.  An  efficient  way  to  secure  accuracy  in  work  would 
be,  to  make  a  mone3'-charge  against  the  clerk  who  commits  an 
error,  to  be  paid  to  the  one  who  finds  it.  I  believe  that  something 
of  the  kind  is  done  in  some  of  the  statistical  offices  in  Europe,  a 
class  of  revisers  being  employed,  who  are  paid  by  the  fines  thus 
imposed  upon  the  careless. 

With  respect  to  statistics  obtained  by  circulars  addressed  to 
persons  supposed  to  have  the  information  desired,  we  have  every 
grade  of  value,  from  good  to  good  for  nothing.  The  result  depends 
npon  many  circumstances ;  as,  for  example,  whether  the  person 
making  the  return  is  paid,  or  is  under  some  obligation  to,  or 
expects  some  favor  fi*om,  the  person  or  office  making  the  inquiry ; 
whether  the  inquiry  can  be  answered  by  reference  to  a  record,  or 
by  some  research  more  or  less  conveniently  made,  or  is  to  be 
supplied  from  personal  opinion,  and  a  general  knowledge  of  the 
subject ;  or,  finally,  whether  the  question  can  be  answered  by  any 
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thing  better  than  a  guess,  bj'  one  who  knows  perhaps  very  little 
about  it. 

1  would  hold  it  to  be  the  general  rule,  that  where  the  inquiries 
are  few  and  simple,  exact  as  to  their  object,  and,  if  they  refer  to 
a  record,  exact  as  to  time  and  subject,  and  especially  if  they  can 
be  returned  upon  the  same  blank,  and  without  expense  for  postage 
or  otherwise,  a  very  large  percentage  will  be  answered  without  a 
second  application.  A  repeated  call  would  probably  bring  a  third 
or  a  half  of  the  remainder ;  but  there  will  be,  now  and  then,  one 
who  will  fail  to  reply,  unless  under  official  or  personal  obligation 
to  do  so. 

We  have  thus  far  considered  the  dealing  with  statistics  that 
have  been  gathered  from  the  whole  of  a  given  field  of  inquiry ; 
there  are  other  methods  that  deserve  notice,  and  the  first  of  these 
is  that  "  by  samples."  A  portion  of  some  whole  is  carefully 
studied,  and  the  results  obtained  are  deemed  applicable  to  the 
entire  field. 

The  French  statistician  Moreau  de  Jonnds  has  given  some  in- 
stances of  this  method,  as  applied  in  times  past,  by  persons  who 
had  acquired  eminence,  and  whose  work  gained  confidence ;  and 
very  properly  asks,  '*  What  is  such  work  worth?" 

Vauban,  distinguished  as  a  military  engineer,  at^the  beginning 
of  the  eighteenth  century,  wishing  to  know  the  agricultural  pro- 
duction of  France,  and  the  revenue  it  would  yield,  resorted  to  a 
method  which  would  appear  strange  enough  now,  but  still  may  be 
called  ingenious.  He  attempted  to  reach  his  object  by  taking  an 
exact  account  of  the  production  of  a  square  league,  reckoning  the 
arable  land,  vineyards,  pastures,  and  woodlands,  with  their  pro- 
ducts in  quantity  and  value ;  and  then,  by  the  simple  "  rule  of 
three, "  he  said,  ''  as  1  is  to  25,000,  so  is  the  result  to  the  whole  of 
France. " 

The  English  agriculturist,  Arthur  Young,  sought  to  ascertain 
the  proportions  of  meadow-land,  mountains,  and  the  like,  in  France, 
by  cutting  up  a  map  by  lines  following  these  features  of  the  surface, 
and  weighing  the  parts. 

In  1790  Lavoisier,  distinguished  in  science,  and  for  this  reason 
consulted  by  the  national  assembly  upon  a  question  of  imposts, 
found  no  existing  data  that  applied  to  the  internal  resources  of  the 
country,  until  he  himself  supplied  them,  by  a  method  that  is  now 
altogether  neglected  in  statistical  researches.    He  proposed  to  as- 
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certain  the  number  of  ploughs  in  the  country,  and  from  this  to  cal- 
culate the  quantities,  production,  and  consumption  of  agricultural 
crops. 

In  1784  M.  Necker,  the  distinguished  statesman,  deduced  the 
population  of  France  from  an  assumed  percentage  of  the  birth- 
rate ;  and  this  was  taken  for  a  census  ! 

But  coming  down  to  a  much  later  period,  we  find  a  remarkable 
application  of  the  law  of  induction  in  a  work  upon  the  industries 
of  France,  by  the  minister  Chaptal.  He  presents  agricultural  ta- 
bles, which  have  been  received  with  great  confidence,  since  they 
bear  the  appearance  of  oflScial  statistics,  and  were  executed  under 
the  Empire.  Ills  tables  are  found  to  have  been  computed,  with- 
out acknowledgment,  from  a  statement  addressed  by  M.  Hennet, 
director  of  the  cadastral  survey,  in  1817,  at  a  time  when  not  more 
than  a  seventh  part  of  this  work  had  been  finished.  The  other  six- 
sevenths  were  obtained  by  a  simple  multiplication  of  the  finished 
part. 

Many  years  ago,  a  "distinguished  statistician"  published,  with 
great  apparent  precision,  the  yield  of  potatoes  in  France.  There 
had  been  no  official  inventory  taken ;  but  when  one  came  to  be 
made,  some  time  afterwards,  it  was  found  that  this  deduction  had 
been  obtained  by  multiplying  the  yield  of  a  single  commune  by 
37,000,  the  number  of  communes  in  France. 

These  examples  might  be  multiplied  indefinitely  ;  and  we  need 
not  cross  the  Atlantic,  nor  go  far  back  in  time,  to  find  them.  There 
is  scarcely  a  day,  but  that  we  see  passing  through  the  newspapers, 
estimates,  deductions,  and  statements,  that  have  no  more  solid 
foundation  than  those  we  have  cited.  Nevertheless,  we  must  not 
wholly  disregard  the  inductive  method  in  statistics:  there  are 
many  cases  in  which  we  can  get  nothing  else. 

The  chemist  must  analyze  the  soils  and  the  ores  from  samples. 
In  every  operation  of  testing  the  quality  and  the  value  of  any  com- 
modity whatever,  we  must  select  from  the  material  before  us  what 
appears  to  be  the  average  quality.  And  so  of  statistics  gener- 
ally :  if  there  is  no  actual  and  general  inventory  made,  we  must 
collect  from  what  is  deemed  a  fair  average,  and,  from  these  data, 
obtain  such  conclusions  as  they  afford.  The  result  in  this,  as  in 
evei-ything,  will  depend  upon  the  intelligence  and  honesty  of  the 
person  who  makes  the  estimate,  the  extent  of  his  opportunities, 
his  experience,  and  his  skill. 
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BetarDing  to  the  field  of  exact  statistics,  we  may  remark,  that 
we  can  never  have  an  accurate  census  of  the  population  until  we 
have  a  thorough  and  uniform  registration  of  births,  marriages,  and 
deaths ;  a  measure  which  this  Association  undertook  to  promote, 
more  than  a  quarter  of  a  century  ago,  but  which  has  not  made 
successful  progress. 

We  cannot  have  a  faithful  statement  of  the  industries,  without 
a  record  kept  of  the  production,  the  consumption,  and  the  cost  of 
operation.  This  is  already  done  by  most  of  the  important  ones, 
as  an  incident  of  business ;  but  we  lose  the  advantages  by  the 
hurried  manner  in  which  the  official  inquiries  are  made.  Yet  upon 
these  returns  we  rely  for  all  that  is  collectively  known  about  them. 

It  follows,  that,  until  we  can  realize  these  desirable  features,  the 
best  we  can  expect  is,  to  afford  more  time  for  previous  preparation, 
by  submitting  beforehand  the  questions  that  are  to  be  answered ; 
which  can  only  be  done  by  the  aid  of  "householders'  schedules" 
for  population,  on  "special  blanks  "  for  each  of  the  industries,  or 
other  subjects,  that  come  within  the  range  of  inquir3\ 

It  was  my  intention  to  dwell  at  some  length  upon  the  illustration 
of  statistical  facts  by  graphic  methods ;  but  time  will  not  permit, 
and  opportunity  for  full  preparation  has  not  been  found.  For 
more  than  thirty  years  I  have  been  accustomed  to  note  down  the 
principles  involved  in  these  methods,  whenever,  in  the  course  of  a 
wide  and  varied  range  of  opportunity,  a  new  one  was  found ;  and 
it  has  been  with  me  a  cherished  intention  to  present  the  whole  sub- 
ject in  a  systematic  form. 

We  may  concisely  state,  that  graphic  illustrations,  using  lines, 
areas,  or  angular  spaces,  often  supplemented  by  colors,  may  be 
employed  for  representing  either  — 

1.  Quantities^  with  or  without  reference  to  time. 

2.  Timey  in  recurring,  interrupted,  or  progi'essive  periods. 

3.  Direction^  or  relative  position ;  and 

4.  Intensity  or  force. 

In  general,  but  two  elements  can  be  clearly  presented  at  once ; 
but  by  a  skilful  use  of  different  colors,  or  kinds  of  lines,  subjects  of 
the  same  nature  may  be  admirably  compared,  and  the  relations  of 
cause  and  effect  not  only  illustrated,  but  even  discovered  and 
proved.  It  is  often  admissible  to  introduce  subjects  having  dis- 
similar notation,  —  as,  for  example,  degrees  of  temperature,  and 
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height  of  barometer, — in  the  same  drawing ;  bat  in  these  cases 
each  most  have  its  own  scale,  and,  in  a  general  way,  every  dia- 
gram must  have  a  scale  for  every  element  of  the  subject  that  is 
represented,  either  expressed  or  implied. 

Quantities  may  be  shown  either  as  they  exist  at  certain  periods 
of  time,  or  as  they  form  parts  of  a  general  total ;  and  they  may  be 
presented  so  as  to  exhibit  successive  subdivisions,  down  to  any 
desirable  degree.  If  the  divisions  of  a  general  total  do  not  require 
subdivision,  they  may  best  be  shown  by  angular  spaces,  as  sectors, 
which  together  make  up  the  whole  of  a  circular  area.  If  the  divis- 
ions have  some  qualities  in  common,  the  shades  of  color  may  be 
of  different  intensity,  significant  of  the  degrees  of  quality  that  may 
exist.  But  where  there  are  successive  subdivisions,  or  parts  of 
parts  of  a  whole,  there  is  no  way  so  exact  as  by  means  of  rectan- 
gular areas,  which  may  also  be  shaded  in  different  tints,  as  well  as 
to  separate  them  one  from  another  as  to  show  differences  of  inten- 
sity or  degree. 

In  both  of  these  methods,  as  well  of  angular  spaces  as  of  rec- 
tangular areas,  we  can  only  show  quantities  as  they  exist  at  a  given 
point  of  time.  We  catch,  as  it  were,  the  conditions,  as  does  the 
light,  the  image  in  a  camera.  They  admit  of  no  such  thing  as 
motion  or  change ;  but  these  changes  may  often  be  strikingly  rep- 
resented by  a  series  of  diagrams,  presenting  the  conditions  at  dif- 
ferent periods  of  time. 

Where  time  and  quantity  are  combined,  we  have  an  easy  and 
striking  means  of  illustration  ;  and  in  this  the  time  may  be  in  re- 
curring periods,  such  as  the  hours  of  a  day,  or  the  months  of  a 
year,  or  it  may  be  progressive,  as  in  a  series  of  years. 

For  the  recurring  periods,  I  think  there  is  nothing  so  convenient 
and  instructive  as  the  circle^  in  which  the  quantities  are  measured 
along  the  radii,  from  the  centre  as  their  base.  The  entire  radius 
may  sometimes  represent  the  whole  of  that  of  which  these  paitial 
measurements  are  a  part. 

For  a  progressive  series,  the  ordinates  representing  quantities 
should  be  measured  from  a  level  base-line,  and  the  scale  of  gradu- 
ation shown  upon  the  side  margin,  while  the  time  is  measured  from 
left  to  right  by  a  scale  along  the  upper  margin. 

For  a  simple  comparison,  a  series  of  bars  or  lines,  measured  from 
a  common  base,  and  either  horizontal  or  vertical,  is  a  convenient 
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and  striking  mode  of  illustration,  and  has  now  come  into  very 
common  use. 

A  rectangular  area,  with  parallel  divisions,  amounts  to  the  same 
thing  as  a  line  ;  but  with  this  difference,  that  a  secondary  subdi- 
vision may  sometimes  be  represented  with  great  effect. 

Having  thus  stated  some  points  in  reference  to  graphic  illustra- 
tions upon  a  true  principle,  I  should  not  leave  the  subject  without 
word  of  censure  for  some  that  are  false.  I  will  specify,  particu- 
larly, such  as  attempt  to  represent  comparative  quantities  by 
concentric  figures^  such  as  circles  or  squares.  The  eye  has,  in  these 
cases,  no  means  of  just  comparison ;  and  they  are  very  apt  to  mis- 
lead, where  they  are  intended  to  instruct. 

The  same  objection  may  be  made  against  similar  geometrical 
solids;  for,  although  they  may  be  literally  true,  their  contents 
being  to  each  other  as  the  cubes  of  similar  lines,  the  eye  does  not 
readily  see  the  difference.  It  would  be  better,  in  such  cases,  to 
use  cylinders  or  prisms  of  the  same  base  but  proportioned  in  length 
to  the  quantities  that  they  represent. 
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MR.  EZEKIEL    B.  ELLIOTT. 

VICE   PRESIDENT,    SECTION   I. 
[Dettvered  at  the  Montreal  Meetingy  1882.] 


THE  SECTION  OF  ECONOMIC  SCIENCE  AND  STATISTICS: 
ITS  SCOPE  AND  ITS  LIMITS. 


Twenty-five  years  ago,  in  1857,  at  the  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science  held  in  Montreal, 
I  had  the  honor  of  presenting  a  paper  involving  elaborate  com- 
putations showing  the  law  of  mortality  in  the  state  of  Massachu- 
setts, United  States,  with  corresponding  tables  of  annuities  and 
other  monetary  values,  and  comparing  the  results  with  those 
of  other  communities ;  a  paper  which  would  probably  have  been 
assigned  to,  and  read  before  this  section  had  this  section  then  ex- 
isted. 

The  British  Association  for  the  Advancement  of  Science,  after 
the  plan  of  which  this  Association  was  in  a  large  part  formed,  was 
organized  in  1831.  Its  section  of  Statistics  was  formed  two  years 
later  in  1833,  and  the  Section  of  Economic  Science  and  Statistics^ 
was  established  in  1856,  23  years  later. 

With  us,  the  Section  of  Economic  Science  and  Statistics  was 
formally  established  in  1881  and  is  put  into  effective  operation  at 
the  present  session,  in  1882. 

Papers  of  a  character  entitling  them  to  be  read  before  this  Sec- 
tion have  hitherto  in  general  been  assigned  to  section  A,  that  of 
Mathematics  and  Physics. 

iThe  author  was  unable  to  prepare  the  address  in  time  for  pabllcation  in  the  Mon- 
treal Proceedhigs.  It  is  therefore  printed  in  the  present  yolume  by  vote  of  the  Stand- 
ing Committee.—  £i>. 
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The  methods  of  investigation  employed  in  considering  these 
subjects  were  more  closely  allied  to  the  methods  of  section  A, 
Mathematics  and  Physics —  than  to  those  of  Section  B,  Geology  and 
kindred  sciences. 

Economic  —  pertaining  to  man  and  his  welfare  ;  man  in  his  do- 
mestic and  social  relations;  man,  what  he  is,  his  property  or 
what  he  controls,  and  his  surroundings,  over  which  he  has  little 
or  no  control  —  like  climate,  and  the  changes  of  the  weather  and 
of  the  seasons. 

Economic  Science. —  The  subjects  which  properlj'  pertain  to  this 
section  are  scientific  not  speculative.  The  section  is  to  deal  with 
facts,  known  facts;  not  scattered,  heterogeneous,  unrelated  facts, 
but  known  facts  reduced  to  order. 

Statistics, — The  subjects  considered  must  be  truly  scientific,  that 
is,  knowledge  reduced  to  order,  pertaining  to  the  interests  of  man, 
either  singly,  as  an  individual,  or  associated  in  communities,  or 
related  by  some  common  law. 

The  subjects  to  be  submitted  to  this  Section  are  not  exclusively 
those  which  belong  to  economic  science,  but  may  pertain  to  any 
facts  to  which  the  application  of  statistical  methods  are  peculiarly 
adapted,  to  facts  susceptible  of  numerical  expression  and  which 
may  be  arranged  in  tables ;  to  any  facts  susceptible  of  such  ar- 
rangements and  groupings  that  the  numerical  laws  which  underlie 
may  be  elicited :  numerical  laws  based  upon  the  past,  and  which 
will  afford  facilities  for  confident  and  trustworthy  predictions  as  U) 
the  future, —  for  example,  the  construction  of  life  and  annuity 
tables,  correctly  deduced  from  authentic  records  of  population 
and  deaths. 

Among  statistical  methods  useful  and  necessary  to  the  eliciting 
of  the  more  recondite  and  higher  laws  and  results,  the  mathemat- 
ical doctrine  of  probabilities  plays  an  important  part.  It  may  be 
deemed  desirable  in  the  not  very  distant  future,  for  this  section  to 
create  a  sub-section  for  the  special  consideration  of  the  subjects 
and  processes  to  which  the  mathematical  doctrine  of  probabilities 
now  specially  applies. 

Mr.  Qiietelet,  the  eminent  Belgian  astronomer  and  statist,  whose 
acquaintance  it  was  my  good  fortune  to  make  at  Berlin,  in  1868, 
on  the  occasion  of  the  convening  in  that  city  of  the  fifth  session 
of  the  International  Statistical  Congress,  there  said  to  me  that  he 
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bad  made  an  effort  at  a  previous  session  of  the  congress,  in 
London,  to  establisli  a  section  to  be  devoted  to  the  application  of 
the  mathematical  doctrine  of  probabilities  to  statistics — but  that 
he  had  failed,  that  he  had  been  making  a  like  effort  at  the  session 
in  Berlin,  then  holding,  but  should  fail,  much  to  his  regret,  the 
number  of  trained  mathematicians  among  the  statisticians  assem- 
bled, being  small, —  but  that  he  was  confident  in  his  hope  that  at 
the  next  session  of  the  International  Statistical  Congress  he  should 
succeed. 

The  next  session  of  that  congress  was  held  two  years  later  in 
Florence,  Italy,  and  Mr.  Quetelet  did  succeed ;  such  a  section  was 
there  formed,  and  has  since  continued  a  feature  of  that  very  im- 
portant and  useful  organization. 

A  wide  range  of  subjects  properly  belongs  to  this  section  of  our 
Association  —  a  section  destined,  I  doubt  not,  to  be  one  of  great 
importance,  and  to  be  the  promoter  of  practically  useful  results 
not  merely  to  America,  but  to  the  entire  world, —  for  the  valuable 
results  of  economic  and  statistical  inquiries  are  not  limited  to  the 
people  who  foster  them,  but  are  as  far-reaching  as  humanity  it- 
self. 

This  Section,  as  has  been  mentioned,  embraces  the  consideration 
of  a  vast  extent  of  special  subjects  relating  to  man,  his  nature,  his 
l>ossessions,  and  his  surroundings  of  all  kinds,  including  facts 
tending  to  show  the  condition  and  changing  condition  of  commu- 
nities, races,  individuals,  and  interests. 

An  early  and  continuous  knowledge  of  the  condition  and  changes 
of  condition  of  a  community,  and  a  prompt  digest  and  publi- 
cation of  the  facts,  may  tend  greatly  to  its  welfaie,  —  not 
merely  in  time  of  peace  and  prosperity,  but  also  and  especially  In 
time  of  war  and  of  epidemics.  The  varying  state  of  the  commu- 
nity, or  interest  in  question,  may  thus  be  brought  clearly  to  the  at- 
tention of  the  authorities  and  the  people,  so  that  evils  as  they 
arise  aia3'^  be  instantly  known  and  suppressed. 

We  may  note  as  within  the  province  of  the  consideration  of  this 
Section,  units  of  measurement  in  general,  as  of  longitude,  time, 
space,  force  and  energy,  and  other  constants  of  nature  and  art. 
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TheIncrea.se  of  the  Coloued  Population  of  the  UNnsD  Statef. 
By  Calvin  S.  Mixter  of  U.  S.  Census  Office,  Washington, 
D.  C. 

Since  the  publication  of  the  statistics  of  the  population  of  the 
United  States  as  ascertained  from  the  returns  of  the  census  of 
1880,  it  has  been  frequently  asserted  that  they  indicated  very 
clearly  that  the  colored  people  of  this  countiy  are  increasing  more 
rapidly  in  their  present  state  of  freedom,  than  they  did  when  in 
slavery.  While  it  is  true  that  the  census  returns  of  1880  when 
compared  with  those  of  1870,  seem  to  justify  this  statement,  it  is 
nevertheless  true  that  there  is  reason  to  doubt  the  accuracy  of  the 
census  of  1870,  in  this  respect.  When  the  general  results  of  the 
tenth  census,  so  far  as  they  related  to  population,  were  published 
in  the  summer  and  fall  of  1880,  it  was  charged  by  numerous  influ- 
ential journals  that  the  returns  of  the  colored  population  of  the 
southern  states,  especially  those  relating  to  South  Carolina  and 
Mississippi,  exhibited  so  large  an  increase  over  those  of  1870,  that 
they  were  more  or  less  fraudulent.  This  was  reiterated  so  fre- 
quently that  the  Superintendent  of  Census,  after  consultation  with 
the  Secretaiy  of  the  Interior  and  the  President,  sent  two  capable 
officials  from  his  office  in  September,  1880,  to  investigate  this  mat- 
ter, the  results  of  which  were  embodied  in  an  official  report  to  the 
Secretary  of  the  Interior,  dated  October  5,  1880,  wherein  he  ex- 
pressed the  opinion  that  they  "  satisfactorily  settle  the  question  as 
to  the  fairness  of  the  tenth  census  in  South  Carolina. " 

Another  and  fuller  investigation  was  made  by  five  other  officials 
detailed  from  the  Census  office,  in  November,  1880,  which  contin- 
ued for  nearly  two  months  and  led  *Ho  the  conclusion  that  the 
census  of  South  Carolina  was  correctly  taken. " 

These  reports  may  be  found  in  Appendix  C,  pages  liv  to  Ixxvi  of 
the  Introduction  to  the  Compendium  of  the  Tenth  Census  of  the 
United  States,  1880.  An  investigation  was  also  made  in  Missis- 
sippiy  which  resulted  in  like  manner. 

A.  A.  A.  S.,  VOL.  xxxu.  29  (449) 


Digitized  by 


Google 


450 


SECTION   I. 


The  reports  relative  to  South  Carolina  give  details  as  to  the 
manner  in  which  the  investigations  were  conducted,  and  also  as  to 
the  course  pursued  in  1870,  by  the  enumerators  who  took  the 
ninth  census  in  certain  localities,  which  will  account  for  some  of 
the  principal  defects  in  their  returns.  "  The  universal  testimony 
obtained  is  that  (in  1870)  the  names  were  obtained  at  court  ses- 
sions, at  musters  and  other  like  occasions,  where  considerable 
portions  of  the  population  were  brought  together,  and  not  by  a- 
house-to-house  canvass. " 

The  following  table  exhibits  the  returns  of  the  colored  popula- 
tion,!, e.j  persons  of  African  descent,  in  1880, 1870, 1860, 1850  and 
1840,  according  to  the  U.  S.  Census  reports,  giving  in  detail  the 
numbers  reported  from  those  states  where  the  largest  portion  of 
such  persoils  resided. 


besidino  in 


Alabama 

Arkansas 

Delaware 

District  of  Columbia. 

Florida 

Georgia 

Eentnclcy 

Louisiana 

Maryland 

Mississippi 

Missouri 

North  Carolina 

South  Carolina 

Tennessee 

Texas 

Virginia 

West  Virginia 

Total  Southern  states 
Total  all  other  states. 

Total  United  States.. . 


1880 

1870. 

1860. 

eoo,i03 

475,510 

437,770 

210,606 

122.160 

Ul,259 

26,442 

22,794 

21,627 

59.596 

43,404 

14316 

126,090 

91,680 

62,677 

725,138 

545,142 

465,098 

271,461 

222,210 

236,167 

483,665 

864,210 

350373 

210,230 

175,301 

171,131 

650,291 

444,201 

437,404 

145350 

118,071 

118303 

531,277 

391,650 

881322 

601,332 

415,814 

412320 

403,151 

322,331 

283,019 

893384 

253,475 

182,921 

631,610 

512,841 

627,763 

25.886 

17,980 

21.144 

6,009,253 

4338382 

4,215314 

481,510 

841427 

226,216 

0,580,703 

4,880,009 

4,441330 

1850. 


845.100 

47,706 

20363 

13,746 

40,242 

884,613 

220,992 

2Q2,2n 

165,091 

810,808 

90340 

816.011 

893,944 

245,881 

58358 

026.861 


1840. 


8,442338 
196370 


8,638308 


255371 

20.400 

19324 

U^ 

26334 

283,697 

189373 

193354 

151315 

1963^ 

59314 

268349 

835314 

1863$S 

406339 
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An  inspection  of  the  foregoing  table  will  show  that  in  several 
states,  and  especially  in  Arkansas,  Louisiana,  Maryland,  Missis- 
sippi and  South  Carolina,  the  population  reported  in  1870  is  but 
slightly  in  excess  of  that  reported  in  1860,  while  that  returned  for 
1880  shows  a  large  increase  over  that  given  for  1870.  In  Kentucky, 
Missouri,  Virginia  and  West  Virginia  there  was  a  smaller  popula- 
tion reported  in  1870,  than  there  was  in  1860,  but  in  these  states 
there  was  also  a  considerable  increase  shown  by  the  returns  of 
1880  over  those  of  1870. 

The  magnitude  of  this  increase  seems  to  indicate  first,  that,  as 
has  already  been  pointed  out,  the  census  of  1870,  so  far  as  relates 
to  these  states,  was  seriously  defective,  and,  second,  that  the 
methods  adopted  in  1880  secured  better  and  fuller  returns  than 
had  been  previously  obtained.  This  result  was  mainly  due  to  the 
fact  that  a  much  larger  number  of  enumerators,  in  proportion  to 
the  population,  was  employed  in  1880  than  ever  before,  each  of 
whom  had  a  much  smaller  territory  to  canvass,  and  a  better  knowl- 
edge of  the  families  and  residences  included  within  the  limits  of 
his  district,  and  who,  in  the  performance  of  his  duties,  was  under 
the  immediate  direction  and  control  of  an  official  that  had  been 
selected  and  appointed  for  this  purpose. 

An  examination  of  the  rate  of  increase  of  these  people  since 
1840,  seems  also  to  indicate  defects  in  the  numbers  reported  in 
the  census  of  1870,  and  further  that  they  are  not  increasing  any 
more  rapidly  now  than  formerly. 

The  rate  of  increase  throughout  the  United  States  has  been  as 
as  follows : 

From  1840  to  1850  the  rate  was  26.6  per  cent. 
"     1850  to  1860    "      "      "    22.1    ''       " 
"     1860  to  1870   "      "      "      9.9    "       " 
"     1870  to  1880   "      '•      "    34.8    "       " 

When  however  periods  of  twenty  years  are  taken  the  results  are 
as  follows : 

From  1840  to  1860  the  rate  of  increase  was  54.6  per  cent. 
"     1860  to  1880   "     "     "         "  "    48.2    "       " 

which  shows  that  there  was  a  falling  off  of  6.4  per  cent  during  the 
second  period  as  compared  with  the  previous  period  of  twenty 
years. 
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Owing  to  the  disturbed  state  of  affairs  which  prevailed  during 
the  war  period  from  1 861  to  1865,  it  is  impossible  now  to  tell  to 
what  extent  their  increase  was  retarded,  but  as  the  adults  amofag 
them  now  feel  the  burden  of  the  support  of  their  children  as  they 
did  not  in  the  days  of  slavery,  and  as  they  are  not  all  as  mindfnl 
of  the  rules  of  health  as  they  should  be,  the  probability  seems  to 
be,  as  the  figures  above  given  indicate,  that  their  future  increase 
will  not  be  any  greater  than  it  has  been  in  the  past,  but  rather 
that  it  will  not  be  as  great. 


Enhancement  of  values  in  agriculture  by  increase  of  non-agri- 
cultural Population.  By  J.  R.  Dodgb  of  Washii^ton, 
D.  C. 

[ABSTBAOT.] 

The  paper  begins  by  showing  that  national  industry  is  prosper- 
ous in  proportion  to  its  diversity.  The  productions  of  agriculture 
would  be  unsalable  if  all  the  people  were  agricultural  producers. 
A  civilized  nation,  with  the  smallest  proportion  of  non-agricultu- 
ral workers  in  it,  will  be  low  in  the  scale  of  prosperity  :  with  the 
largest  proportion  of  non-agriculturists  consistent  with  proper 
food-supply,  the  nation  will  be  most  prosperous.  To  a  great  ex- 
tent, this  is  true  also  of  the  subdivisions  of  this  country.  It  may 
be  illustrated  by  the  statistics  of  geographical  sections  that  em- 
brace groups  of  states,  or  by  comparison  of  individual  states. 
The  author  is  even  prepared  to  show,  that,  in  a  partly  agricultu- 
ral community,  the  increased  employment  of  labor  in  industries 
that  are  non-agricultural  stimulates  improvement,  compels  higher 
culture,  and  makes  the  products  of  land,  and  the  land  itself, 
more  valuable. 

The  states  and  territories  are  grouped  for  this  comparison  in 
four  classes,  which  are  thus  designated :  first  class,  having  less 
than  30  per  cent  of  agricultural  workers  ;  second,  having  over  80 
and  less  than  50  per  cent ;  third,  having  50  and  less  than  70  per 
cent ;  fourth,  having  over  70  per  cent,  i,  6.,  being  almost  exclu- 
sively agricultural  states. 
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Classes. 


First  class.... 
Second  class. 
Third  class.., 
Fourth  class.. 


o85 

Acres. 

Value. 

Vnlue 
per 
acre. 

15 

77,250,742 

$3,985,641,107 

$38.65 

18 

13 

112.321,257 

8,480,915,767 

30.55 

42 

13 

237,878,040 

3,218,108,970 

13.53 

58 

6 

108,686,796 

562,430,843 

5.18 

77 

In  the  first  class  are  Massachusetts,  Connecticut,  New  York, 
New  Jersey,  and  Pennsylvania  in  the  east,  and  some  of  the  min- 
ing states  and  territories  of  the  west,  diverse  in  many  points,  yet 
alike  in  the  fact  of  a  large  non-agricultural  population.  This  class 
has  only  one-sixth  of  the  population  in  agriculture.  The  fourth 
class  consists  of  North  and  South  Carolina,  Georgia,  Alabama, 
and  Mississippi.  It  has  nearly  four-fifths  engaged  in  agriculture, 
on  lands  worth  only  an  average  of  $5.18  per  acre.  The  states 
having  only  two-fifths  in  agriculture  have  farm-lands  valued  at 
S30.55  per  acre,  while  those  having  nearly  three-fifths  in  agricul- 
ture have  lands  valued  at  $13.03. 

When  individual  states  are  compared,  the  results  are  equally 
marked.  The  author  compares  pairs  of  states, —  Virginia  and 
Pennsylvania,  Kentucky  and  Ohio,  Iowa  and  Illinois, —  as  fol- 
lows 2 — 


Items  of  comparison. 

i 

> 

i 

1 

s 

a 

1 

o 

s 

39.97 
$45.97 
$394.00 

1 

.2 

Per  cent  of  agricultural  workers 

iXninA  of  fftrm  liincla  uer  Acre. ........ 

51.41 

$10.89 

$180.00 

20.C8 
$49.30 
$431.00 

61.07 
$13.92 
$199.00 

57.4« 

$22.02 

$448.00 

43.65 
$31.87 
$467.00 

Income  of  workers  per  ao  num 

Similar  computations  give  figures  for  the  State  of  New  York  not 
widely  different  from  those  of  Pennsylvania.  The  average  value 
of  farm-lands  per  acre  in  New  Jersey  is  greater  than  in  any  other 
state,  viz.,  $65.16  :  this  is  owing  to  a  position  between  two  gieat 
city  markets,  with  proximity  and  easy  access  to  both.     Her  per- 
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centage  of  agricultural  workers  is  only  14.92 ;  their  average  an- 
nual wages  are  $501 .  It  will  be  seen  that  the  wages  of  agricultural 
labor  are  subject  to  the  same  law.  If  computed  for  the  first  table 
in  this  paper,  the  wages  per  month  of  the  agricultural  laborer 
would  be  found,  for  the  first  class  of  states,  fully  $25  ;  for  the  sec- 
ond, nearly  $25  ;  for  the  third,  less  than  $20  ;  for  the  fourth,  about 
$13.50. 

An  application  of  the  same  test  to  the  value  of  annual  produc- 
tion for  each  man  engaged  in  agriculture  brings  equally  interest- 
ing results  in  the  following  table : — 


Classes. 


First  clans . . . 
Second  class. 
Third  clabs... 
Fourth  class. 


No.  engaffed  in 
agricultare. 


1,060,081 
1,566.875 
8,017,971 
2,024,966 


Vnlne 

of  products  of 

ngriculture. 


♦484,770,797 
616,850,959 
786,681,420 
324,237,751 


Valae 

per 

capita. 


$457 
394 
261 
160 


18 
42 

58 
77 


The  states  with  less  than  30  per  cent  in  farm-labor  realize  nearly 
three  times  as  much  per  man  as  those  which  have  over  70  percent 
in  farm-work.  In  other  words,  one  man  in  the  first  class  realizes 
as  much  as  the  three  men  who  are  competing  with  each  other,  hav- 
ing little  outlet  for  surplus  production.  Three  brothers  in  Ala- 
bama, laboring  through  the  year,  get  as  much  for  their  aggregate 
produce  as  one  farmer  receives  in  Pennsylvania,  simply  because 
that  farmer  has  a  brother  engaged  in  manufacture  and  another  in 
mining.  It  is  because  in  one  case  there  is  a  market  for  one  prod- 
uct only,  thousands  of  miles  away  :  in  the  other,  there  are  markets 
at  every  door. 

It  appears  evident  that  the  proportion  between  agricultural  and 
non-agricultural  population  is  a  measure  of  the  values  of  the  land, 
of  the  production,  and  of  the  labor  of  the  farm.  These  values  are 
rapidly  enhanced  by  the  increase  of  non-agriculturists.  This  is 
the  lesson  of  the  most  authentic  statistics  of  our  own  and  of  other 
countries. 
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Building  Associations.    By  Edgar  Frisbt  of  Washington,  D.  G. 

Building  Associations  have  a  twofold  object.  1 .  Tliey  answer 
Ihe  purpose  of  savings  banks  in  enabling  members  to  lay  by  cer- 
tain sums  monthly  and  receiving  interest  on  the  investment.  2. 
They  enable  persons  of  limited  means  to  borrow  money  at  a  fair 
rate  of  interest  by  paying  back  the  principal  in  small  monthly  in- 
stalments. It  is  proposed  in  this  paper  to  see  if  we  can  discover 
any  mathematical  principles  by  which  an  association  can  be  con- 
ducted that  will  make  it  equitable  to  both  classes. 

We  shall  assume  that  six  per  cent  is  a  fair  rate  of  interest,  and 
allow  a  member  to  buy  out  on  any  month  $200.00  or  less  from  the 
association  according  to  competition,  for  which  he  pays  $1.00  in- 
terest monthly,  and  we  will  also  supiwse  that  he  pays  $1.00  month- 
ly on  the  principal  (this  amount  however  may  be  varied)  ;  it  will 
simply  be  paying  interest  monthly,  and  when  the  amount  paid  in 
on  the  principal  (which  must  itself  bear  interest)  is  equal  to  the 
iimount  bonowed,  the  stock  will  be  cancelled. 

Let  us  take  the  most  general  case. 

Let  R  =  interest  of  $1.00  for  one  month  (half  a  cent)  and 
1.005  =  R=  amount  for  one  month. 

We  will  suppose  further  that  the  member  pays  $1.00  per  month 
for  y  months,  then  buys  out  at  the  maximum  and  pays  afterwards 
$2.00  monthly  ;  the  value  of  his  payments  will  be  all  the  dollars 
he  has  paid  in  with  interest,  together  with  his  prospective  payments 
discounted,  that  is : 

1-l-R-f.R         -j-R+2(R-fR -fR       j=200 

i)y  summing  these  series  we  obtain 

R^—  1  —  2  r"*"  ^+  2  =  200  (R  —  1)=  1  because  R  =  3»i ; 
this  reduced  gives 

— n+y/    n         \  n 

R         \U  —  2)=i  0  or    R  =  2 

This  equation  is  entirely  independent  of  y  and  herein  lies  the 
absolute  equitability  of  the  whole  system.  If  the  person  bought  out 
on  the  first  month  y  =  1,  and  he  must  pay  six  per  cent  compound 
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interest  if  he  bought  at  the  mazimum ;  if  ^  =  n  the  person  is  an 
investor  and  receives  six  per  cent ;  if  y  has  any  other  value  he 
receives  six  per  cent  until  he  buys  out,  and  pays  six  per  cent  after- 
wards.  This  equation  also  shows  that  it  is  precisely  as  advanta- 
geous to  buy  in  one  month  as  another  (on  the  supposition  that 
money  sells  at  a  uniform  rate)  and  also  that  all  classes  are  equally 
benefited;  and  again,  if  a  surplus  of  money  is  on  hand  and  a 
member  is  drawn  out,  he  has  the  option  of  taking  the  amount  paid 
in  with  interest  or  an  advance  at  the  maximum  rate.  In  the  first 
case  he  receives  six  per  cent  interest,  in  the  second  case  he  pays 

six  per  cent  interest. 

n 
If  we  solve  the  equation  R  =  2  we  obtain  n  =  138.9532  which 

shows  that  $200  boiTOwed  can  be  paid  up  in  about  139  months. 

Example. —  A  person  buys  at  the  maximum  and  settles  on  the 
101st  month ;  we  may  suppose  he  is  indebted  to  the  association 
$200  and  ci-edited  with  a  compound  annuity  for  100  payments ;  or 
we  may  suppose  he  is  indebted  to  the  association  $200  with  com- 
pound interest  and  credited  with  a  compound  annuity  for  100  pay- 
ments at  $2.00  per  month. 

In  the  first  case  we  have 

200  — (l+R  +  R* 4.R®)=200  — ^^ 

=  S200  —  $129.3366  =  $70.6634 

In  the  second  case  we  have 

200  R    —  2  (^Ef)  =  200(2  —  R    )=  200(.353317) 

=  $70.6634  which  is  the  amount  of  indebtedness ;  if,  however,  as 
is  usual,  he  was  only  allowed  simple  interest  on  stock,  he  would 
have  to  pay  not  six  but  6.6  per  cent  per  annum. 

If  again  the  investor  only  received  six  per  cent  simple  interest 
he  may  pay  in  not  139  months  but  somewhat  more  than  146  months, 
unless  the  association  has  wound  up  before.  If  a  person  pays 
$1.00  monthly  as  interest  and  pays  $1.50  or  $2.00  on  the  principal, 
the  case  will  be  precisely  the  same  as  far  as  the  equitability  is 

n 
concerned,  but  we  should  have  R  =  ^  or  f  and  the  association 

would  wind  up  more  quickly ;  instead  of  139  months  we  should 
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have  102.4  and  81.8  months  respectively.  We  have  made  all  the 
computations  by  compound  interest  for  two  reasons.  1.  Because 
the  association  invests  the  money  monthly.  2.  Because  it  is  the 
only  philosophical  way,  other  methods  leading  to  numerous  falla- 
cies ;  it  is  however  usual  to  allow  only  simple  interest  on  stock  in 
settlement.  Many  methods  may  be  devised  to  provide  for  running 
expenses.  1.  Five  per  cent  instead  of  six  may  be  allowed  to  in- 
vestors and  in  settlement,  but  if  we  consider  the  difference  between 
the  simple  and  compound  interest  and  also  the  fact  that  money  is 
generally  advanced  considerably  below  the  maximum,  I  think  we 
have  a  sufficient  margin. 

Suppose  a  building  .association  starts  with  2400  shares,  cancels 
200  every  year  and  runs  twelve  years :  the  difference  between  the 
simple  and  compound  interest  will  be  over  $10,600  in  the  twelve 
years,  and  this  difference  comes  out  of  the  shareholders  very 
nearly  in  a  proper  ratio  for  the  money  invested.  It  is  altogether 
more  equitable  even  in  this  particular  than  the  plan  of  taxing  each 
share  proportionately,  independent  of  the  time  it  has  been  in,  or 
of  the  benefit  to  be  received. 


Life  Insurance  and  Self  Insurance,  with  illustrative  Tables. 
By  Elizur  Wright  of  Boston,  Mass. 

[ABSTRACT.] 

The  intent  of  this  paper  is  to  show  that  whenever  the  net  nat- 
ural annual  premiums  by  any  table  of  mortality,  covering  the 
whole  life  or  a  long  term  of  years,  are  commuted  into  a  constant 
or  level  premium,  the  policy  or  contract  involves,  or  implies,  a 
banking  accumulation,  which  diminishes,  by  so  much,  the  risk 
borne  by  the  company,  and  is  therefore  a  self  insurance,  caus- 
ing the  company  to  insure  in  any  year  only  the  difference  between 
it  and  the  face  of  the  policy.^ 

>  The  paper  was  presented  by  Its  author  in  print,  and  copies  may  be  hod  of  him,  by 
appUcation  to  Box  109,  Boston,  Mass. 
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The  GERMaM  Carp  and  its  Introduction  into  the  United  States^ 
By  Chas.  W.  Smilet  of  Washington,  D.  C. 

[abstract.] 

The  German  carp  which  has  been  introduced  into  the  United 
States  is  the  Cyprinus  caipio  of  the  family  Cyprinid(X,  There  are 
three  varieties :  the  scale,  the  most  edible ;  the  leather,  the  most 
prolific  ;  and  the  mirror,  which  is  intermediate  between  the  others. 

Although  a  few  carp  were  brought  from  Holland  in  1830, 
and  put  in  a  pond  in  Newburgh,  New  York,  whence  some  were 
washed  into  the  Hudson  river,  and  produced  no  practical  result, 
the  introduction  proper  dates  from  May  26,  1877.  At  that  time 
845  carp  were  imported  by  the  United  States  Fish  CommissioD, 
under  the  direction  of  Professor  S.  F.  Baird.  The  first  distribu- 
tion from  these  was  of  6,300  fish  in  1879,  followed  by  31,443  in 
1880.  During  the  past  season  113,605  have  been  scattered  in 
nearly  every  state  of  the  Union. 

The  proper  habitat  of  the  carp  is  a  pond  of  warm  water  with 
a  muddy  bottom,  and  some  suitable  aquatic  plants.  It  does  not 
prey  upon  other  fishes  or  the  higher  forms  of  life,  but  feeds  upon 
crustaceans,  seeds,  certain  leaves  of  plants,  etc.  It  may  also  be 
fed  to  advantage  upon  lettuce,  cabbage  leaves,  grain,  meal,  bread, 
crackers,  and  in  short,  most  anything  suitable  for  chickens.  Its 
regular  growth  depends  largely  upon  its  environment.  If  the  cli- 
mate is  suitable,  the  food  abundant,  and  its  enemies  scarce,  its 
growth  will  be  surprisingly  rapid,  reaching  easily  three  i>ounds 
in  one  year  or  six  pounds  in  two  years.  If  food  is  scarce  and  the 
climate  cold,  the  growth  will  be  less  rapid,  and  from  two  to  four 
months  will  be  spent  in  hibernation  during  which  there  will  be  no 
growth.  This  fish  is  consequently  exceedingly  well  adapted  to  the 
Gulf  States.  It  may  be  reared  unquestionably  in  the  northern 
states  but  more  slowly.  It  is  hardy  enough  to  endure  an  intense 
degree  of  cold  if  the  lowering  of  temperature  be  quite  gradual. 
Carp  usually  spawn  in  cool  latitudes  when  three  years  old,  in  tem- 
perate latitudes  when  two  years  old,  and  under  the  most  favorable 
circumstances  in  southern  Texas  it  is  believed  to  have  spawned 
at  the  age  of  one  year.  Among  the  enemies  of  the  carp  from 
which  it  should  be  protected  are  all  kinds  of  carnivorous  fish, 
frogs,  snakes,  turtles,  terrapins,  kingfishers,  bitterns,  cranes,  her- 
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ons,  and  fish  hawks.  A  snake  recently  killed  was  found  to  con- 
tain twenty-five  young  carp  and  numerous  undigested  skeletons. 
A  marsh  hen  was  examined  whose  stomach  contained  thirty-eight 
young  carp  while  in  a  night  heron  were  found  the  heads  of  sev- 
enty*eight  joung  carp.  When  about  to  spawn,  one  should  sepa- 
rate the  carp  from  all  other  animals  in  order  to  protect  their  eggs 
and  the  young  until  they  reach  such,  maturity  as  to  be  able  to 
protect  themselves.  As  food,  carp  is  supei'ior  to  all  ordinary 
native  fish  such  as  buffalo,  catfish,  suckers,  mudfish,  croakus, 
mill  roach,  perch,  sunfish,  etc.  Although  by  many  who  are 
cultivating  them,  it  is  declared  equal  to  bass,  trout,  and  shad,  the 
Fish  Commission  makes  no  such  claim.  The  flavor  of  the  carp 
as  of  all  other  fish  will  be  affected  by  its  food  and  environment. 
If  the  water  is  polluted  or  the  food  oflensive,  the  flesh  of  the  carp 
will  partake  thereof.  A  carp  thus  reared  should  be  removed  to 
pure  water  for  a  week  and  kept  without  food,  during  which  its  sys- 
tem will  be  purified,  and  the  flavor  of  its  flesh  immensely  improved. 
Salting  over  night  is  also  said  to  largely  destroy  the  muddy  taste 
when  present.  During,  and  for  a  time  after  spawning,  the  carp 
like  all  other  fish,  is  soft  and  unsuitable  to  eat.  Most  complaints 
against  carp  have  arisen  from  eating  it  at  this  period.  The  bones 
are  not  oflensive  as  the  fiesh  flakes  oflT  very  nicely  in  the  adult 
carp. 

Between  October  and  February  of  each  year,  young  carp  are 
distributed  from  Washington  to  those  who  have  previously  filed 
applications.  Car  loads  are  sent  in  the  cars  of  the  Commission 
which  are  suitably  fitted  for  carrying  all  kinds  of  fish  to  central 
points.  There  they  are  either  delivered  to  State  Fish  Commission- 
ers for  distribution,  or  are  distributed  by  express  to  interior  parts. 
Tlie  latter  metliod  is  by  means  of  a  tin  pail  containing  two  quarts  of 
water  in  which  fifteen  or  twenty  carp  will  survive  from  thirty-six  to 
forty-eight  hours  and  even  longer  if  the  water  is  changed  meantime, 
always  provided  that  water  enough  remains  in  the  pail  to  cover 
the  backs  of  the  fish.  The  commissioners  of  several  states  under- 
took to  propagate  some  of  the  first  carp  distributed  by  Professor 
Baird,  and  are  now  beginning  to  distribute  the  young  which  they 
have  reared  therefrom.  Speculators  have  also  entered  the  busi- 
ness, one  of  whose  price-lists  states  thAt  he  can  sell  mirror  carp, 
ten  months  old,  at  seventy-five  dollars  per  hundred,  and  scale  carp, 
fen  months  old  at  seventy  dollars  per  hundred.    Larger  fish  have 
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been  sometimes  sold  at  five  dollars  a  pair.  A  gratuitous  distnbu- 
tion  by  the  United  States  Commission  has  alone  prevented  prices 
becoming  much  larger. 

The  cultivation  of  fish  is  destined  to  become  as  important  to 
American  farmers  and  planters  as  that  of  cattle,  poultry  and  fruit. 
The  latter  left  to  shift  for  themselves  and  to  cope  with  nature  come 
off  second  best,  or  succumb.  If  fish  should  receive  the  same  care 
and  attention,  as  to  artificial  propagation,  and  the  improvement  of 
vaneties,  the  result  would  be  equally  gratifying.  The  practice  in 
carp  culture  will  teach  some  of  the  methods,  and  perhaps  foster  a 
taste  for  the  culture  of  other  fish.  Every  rural  community  is  des- 
tined to  have  its  fish  ponds  as  abundantly  as  its  poultry  yards. 
Farmers  will  then  have  fresh  fish,  at  will,  no  matter  how  remote 
from  market.  The  carp  may  be  tamed  so  as  to  come  to  a  given 
place  for  its  food  at  call,  and  if  a  shallow  place  or  a  suitable  plat- 
form under  the  water  be  arranged,  it  can  be  induced  even  to  come 
there  and  feed  from  the  hands.  It  can  then  be  captured  easily. 
Success  in  carp  culture,  like  success  in  any  other  useful  enter- 
prise, comes  not  of  itself,  but  as  a  reward  for  careful  attention. 


Otster-fabhimq  in  Connecticut.    By  Horace  C.  HovEy  of  Min- 
neapolis, Minn. 

[AB8TBACT.] 

For  many  years  oyster-dealers  obtained  their  supplies  from  what 
are  termed  "  natural  beds. "  These  are  found  of  various  dimen- 
sions, and  usually  exist  in  the  brackish  water  at  the  mouths  of 
rivers,  such  as  the  Quinnipiac  and  Housatonic,  in  Connecticut,  and 
the  Delaware,  Susquehanna,  and  other  streams  emptying  into  the 
Atlantic  Ocean.  The  early  settlers  of  New  England  resorted  to 
the  natural  be<ls  without  restriction,  and  regarded  them  as  inex- 
haustible. Their  implements  were  of  the  most  primitive  sort,  such 
as  shovels,  rakes  and  the  familiar  oyster-tongs.  Dredging  by 
hand  and  by  steam  has  been  more  recently  introduced.  The  first 
law  for  the  protection  of  oysters  was  enacted  in  Connecticut,  in 
1784,  and  remained  substantially  unchanged  for  the  next  seventy 
years.    The  necessity  of  a  close  season  during  spawning-time  was 


Digitized  by 


Google 


ECONOMIC  SCIENCE  AND  STATISTICS.  461 

recognized  ;  but  each  town  was  left  to  make  and  enforce  its  own 
rules.  When  "  the  law  was  off, "  which  was  usually  about  the  first 
of  November,  so  vigorous  was  the  assault  upon  the  beds,  that  the 
more  accessible  of  them  were  often  scraped  clean  in  a  single  day. 
It  finally  became  evident  to  observing  men  that  this  process  was 
ruining  the  natural  beds.  For  various  reasons  the  oysters  deterio- 
rated both  in  size  and  quality.  This  led  to  the  importation  of 
oysters  from  southern  waters,  which  were  fdund  to  fatten  in  the 
waters  of  Long  Island  Sound,  although  not  propagating  there. 
Capt.  Eliphaz  Gillette,  sixty  years  ago,  brought  the  first  cargo  of 
Virginia  oysters  to  Fair  Haven,  Conn. ;  thus  originating  a  trade 
that  grew  until,  in  1858,  there  were  250  schooners  engaged  in  it, 
with  an  average  carrying  capacity  of  8,000  bushels  each,  and, 
according  to  De  Broca,  they  handled  annually  2,000,000  bushels 
of  oysters.  About  that  time  (in  1856),  Mr.  D.  D.  Mallory  opened 
his  wholesale  house  in  Detroit,  and  that  was  the  beginning  of  the 
interior  trade  in  shellfish  in  the  United  States.  He  subsequently 
fixed  his  headquarters  in  Baltimore,  and,  together  with  other  men 
from  Fair  Haven  and  native  Baltimoreans,  worked  up  the  national 
oyster  trade.  The  immediate  tendency  of  this,  combined  with 
other  causes,  was  a  steady  decline  in  the  business,  so  far  as  Con- 
necticut was  concerned.  There  was  also  a  marked  decline  in  the 
productiveness  of  the  great  natural  beds  of  the  Delaware  and  Ches- 
apeake Bays.  This  made  it  desirable  to  introduce  systematic 
oyster-culture  to  meet  the  constantly  increasing  demands  of  the 
market. 

In  this  connection  mention  should  be  made  of  the  brilliant  ex- 
periments conducted  by  Prof.  W.  K.  Brooks,  Lieut.  Francis  Wins- 
low,  U.  S.  N.,  and  others,  who  have  tried,  with  some  success  to 
facilitate  and  regulate  the  propagation  of  the  oyster,  so  as  to  enable 
the  old  and  exhausted  natural  beds  to  be  restocked. 

My  purpose,  however,  is  to  describe  the  more  practical,  and 
perfectly  successful  plan  of  oyster-farming ;  by  which  is  meant 
the  cultivation,  on  a  large  scale,  of  ground  outside  the  natural 
beds.  Let  me  first  refer  again  to  the  preliminary  experiments  at 
transplanting  southern  oysters  to  northern  waters.  Within  the 
last  five  years  nearly  seven-eighths  of  theoysters  commercially  hand- 
led at  Fair  Haven  were  what  are  known  as  Virginia  plants.  The 
process  of  transplanting  was  attended  with  risks  and  expense,  but 
the  profitable  result  was  that  oysters  which  were  tough  and  taste- 
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less  while  growing  in  still  waters,  became  improved  both  in  siw 
and  flavor  by  lying  for  a  few  months  in  running  waters  or  on 
springy  bottoms,  like  those  at  the  mouths  of  the  streams  emptying 
into  Long  Island  Sound.  Then  again,  while  the  native  beds,  which 
are  public  propert}^  are  preyed  upon  by  swarms  of  enemies,  sucb 
as  the  skate,  winkle,  drill  and  star-fish,  these  pests  may,  to  some 
extent  at  least,  be  removed  from  lots  under  thecontrol  of  individuals. 
Hence  originated  a  series  of  acts  passed  in  successive  years  by  the 
legislature  of  Connecticut,  unlike  those  of  any  other  state,  except 
as  they  have  been  recently  imitated,  and  that  appear  to  be  fi-ag^ 
mentary  and  disjointed,  until  one  understands  the  emergencies 
they  were  intended  to  meet.  The  popular  feeling  was  that  what^ 
ever  grew  in  the  sea  was  common  property.  Planted  beds  were 
treated  as  if  they  were  natural  and  open  to  all.  No  title  could  be 
held  to  submarine  property.  So  far  as  can  be  learned,  the  first 
artificial  bed  of  natives  was  cultivated  by  Mr.  Willard  Mallory, 
about  fifty  years  ago,  on  the  West  HaA-en  flats.  Having  raised 
several  hundred  bushels,  his  unscrupulous  neighbors  gathered  in 
the  harvest  by  night  for  themselves.  This  was  regarded  merely 
as  a  rough  joke,  for  which  there  was  no  legal  redress.  The  first 
step  toward  a  better  state  of  things  was  the  legal  recognition  of 
riparian  rights,  by  which  land-owners  along  the  shore  were  pro- 
tected in  planting  as  far  as  low-water  mark  ;  or  in  estuaries,  as  far 
as  the  channel  of  the  stream.  In  1855  a  law  was  passed  allowing 
towns  to  designate  to  each  applicant  two  acres  for  planting  oys- 
ters. In  1875  growers  were  allowed  to  buy  more  than  two  acres, 
provided  they  did  not  infringe  on  natural  beds.  This  made  ojs- 
ter-farming  possible. 

It  may  be  stated  here  that  Connecticut  is  probably  the  only 
state  that  grants  permanent  deeds  of  this  description.  The  system 
in  Massachusetts  is  to  license  oystermen  for  a  limited  term ;  and 
the  regulation  of  the  business  is  mainly  left  in  the  hands  of  the 
selectmen  of  the  several  towns.  In  Rhode  Island,  oyster  groands 
may  be  rented  at  the  rate  of  $10.00  per  acre  for  a  limited  terra. 
New  York,  Virginia  and  Maryland,  while  enjoying  vast  and  lucra- 
tive oyster  grounds,  grant  no  permanent  deeds,  but  restrict  grow- 
ers to  small  tracts  for  immediate  use,  and  not  exceeding  five  acres 
to  one  citizen.  Delaware,  since  1881 ,  leases  ground  in  deep  water, 
on  terms  favorable  to  oyster-farming. 

In  1878  a  special  commission  was  appointed  by  the  states  ot 
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New  York  and  Connecticut  to  fix  the  boundary  line  running  through 
the  Sound.  This  division,  ratified  by  the  U.  S.  Congress,  and  geo- 
graphically fair,  left  to  Connecticut  a  marine  territory  of  565  square 
miles,  including  nearly  all  the  best  oyster-ground  in  the  Sound. 
The  average  depth  over  the  whole  area,  not  including  bays  and 
estuaries,  does  not  exceed  seventy-two  feet.  The  portion  west  of 
Norwarlk  averages  about  sixty  feet ;  east  of  Norwalk  to  the  Con- 
necticut  river  is  a  strip  sixty  miles  long  by  four  miles  wide,  that 
averages  a  depth  of  but  forty-two  feet.  To  the  south  of  Stratford 
is  a  plateau  including  sixteen  square  milqs,  only  twenty  to  twenty- 
five  feet  deep,  and  entirely  free  from  mud  and  slime. 

In  1879,  an  oyster-commission  was  appointed  to  inquire  into  all 
the  bearings  of  tlie  oyster  question,  and  devise  a  uniform  system 
of  laws.  It  was  found  that  the  available  flats  and  shallows  belongs, 
ing  to  the  several  towns  had  been  taken  up,  while  a  few  bolder 
spirits  had  ventured  to  stake  out  lots  in  the  deeper  waters.  Con- 
flicting grants  had,  in  some  cases  been  given,  and  there  was  sprjous 
danger  of  matters  becoming  entangled  in  inextricable  confusion* 
Hence,  in  April  1 88 1 ,  the  state  conferred  on  her  Fish  Commissioners 
the  power  to  act  also  as  Shellfish  Commissioners,  and  to  adopt  a 
plan  for  utilizing  and  distributing  the  state  oyster-grounds.  They 
ran  an  inshore  line  from  point  to  point,  within  which  the  grounds 
should  remain  under  town  control.  The  most  accurate  survey  pos- 
sible was  next  made  of  the  territory  lying  between  the  inshore 
line  and  the  state  line,  involving  118  triangulations,  the  triangula- 
tion  sides  varying  from  one  to  seventeen  miles  in  length.  This 
work  is  so  exact  that  the  Commission  are  able  to  define  promptly 
the  limits  of  any  oyster-ground  within  the  state  jurisdiction.  Mr. 
Bogart,  the  surveyor,  informs  me  that  the  entire  area  includes 
825,000  acres,  of  which  about  15,000  acres  are  rocks  and  reefs, 
while  a  large  portion,  perhaps  two-thirds,  of  the  remainder  is 
fit  for  oyster-cultivation  with  modern  appliances.  The  entire 
acreage  thus  far  apportioned  is  100,000  acres. 

In  order  to  appreciate  this  rapid  stride,  one  has  only  to  reflect 
that,  according  to  the  Census  of  1880,  the  total  acreage  of  Con- 
necticut oyster-grounds  included  but  6,934  acres.  And  now,  three 
years  later  there  are  several  individual  oyster-farms  each  exceed- 
ing that  large  area  I  The  largest  of  all  belongs  to  Mr.  Henry  C. 
Rowe,  who  holds  deeds  for  more  than  18,000  acres.  The  whole 
number  of  oyster-farms  staked  out  during  the  last  three  years  is 
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876,  varying  in  size  from  two  acres  to  the  large  tracts  already 
mentioned. 

The  natural  beds  have  also  been  surveyed.  Their  area  does  not 
exceed  5,000  acres  in  all.  They  are  free  to  all  citizens  of  the  state, 
and  are  now  chiefly  resorted  to  for  what  are  termed  "  seed-oys- 
ters," L  e,y  those  not  more  than  two  years  old,  which  age  is  regarded 
as  the  best  for  transplanting.  All  other  ground  is  for  sale  at 
the  nominal  price  of  one  dollar  an  acre,  with  ten  cents  added  to 
cover  expense  of  designation.  If  not  cultivated  within  the  next 
five  years,  it  is  foifeited.  If  found,  on  trial,  unsuitable  for  culti- 
vation, the  money  is  refunded.  Farms  are  taxed,  but  the  oysters 
produced  are  exempt. 

The  oyster-farmer  having  secured  his  ground  next  cuts  it  up 
into  smaller  lots  in  order  to  till  it  systematically.  This  is  done, 
of  course,  by  buoys  in  deep  water,  and  by  stakes  in  shallow.  Next 
he  carefully  examines  the  nature  of  the  bottom.  Much  of  the  bot- 
tom of  the  Sound  is  smooth,  hard  sand.  Here  and  there  is  a 
patch  of  gravel,  cluster  of  rocks,  or  a  bit  of  muddy  ground.  It  is 
to  be  noticed,  however,  that  there  are  no  oysters,  and  his  problem 
is  to  make  them  grow.  Oysters  cast  their  spawn  at  various  times 
between  March  and  November,  but  mostly  in  July  and  August. 
Each  female  contains  from  ten  to  sixty  million  eggs.  Few  of  them, 
proportionally,  mature.  The  young  oysters  are  for  a  few  days 
free  floaters,  and  then  they  are  ready  to  be  attached  to  any  clean 
substance  that  may  offer.  The  plan  has  been  tried  in  the  vicinity 
of  Groton,  in  the  Pequonnock  river,  of  thrusting  down  small  trees, 
white  birch  being  preferred,  letting  them  lean  at  an  angle  of  forty- 
five  degrees,  sloping  with  the  current.  The  young  oysters  set  on 
these  very  readily.  They  are  harvested  when  mature  by  the  sim- 
ple process  of  pulling  up  the  bushes  and  stripping  off  their  singular 
fruit.  As  many  as  1,000  bushels  of  superior  oysters  have  been 
gathered  from  an  acre  in  a  single  season  I  There  are  objections, 
however,  to  bush  cultivation.  Oysters  will  set  on  almost  any  ob- 
ject that  they  come  in  contact  with.  Clean  gravel  is  preferable  to 
anything  else,  where  it  can  be  had.  Old,  dry  shells  are  generally 
used  for  the  purpose ;  and  the  fact  is  significant  that,  whereas  they 
were  to  be  had  gratis  for  road-making,  five  years  ago,  they  now 
command  from  four  to  eight  cents  a  bushel.  That  is  as  much  as 
veteran  dealers  used  to  pay  for  live  oysters  by  the  cargo  I  Shell- 
ing begins  in  June  and  continues  into  August.    In  shoal  water 
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spawning  is  earlier  than  in  deep,  owing  to  difference  in  lempcra- 
tnre.  Planters  average  about  800  busliels  of  shells  to  an  acre,  and 
scatter  among  them  spawners  in  the  proportion  of  100  bushels  of 
spawners  to  1,000  of  shells.  Some  idea  may  be  had  of  the  mag- 
nitude of  the  business  from  the  fact  that  Mr.  H.  C.  Rowe  has 
planted  this  season  more  than  300,000  bushels  of  shells,  at  a  cost 
of  $25,000 !  Crops  correspond  to  the  planting.  The  Commis- 
sioners say,  ^^  One  cultivator  alone  looks  for  no  less  than  one 
million  bushels  of  marketable  natives  from  his  own  ground  this 
year  1"  Yet  there  are  possible  reverses.  One  firm  lost  last  year 
fVom  a  single  bed  $20,000  worth  of  oysters  by  the  ravages  of 
starfish.  Owing  to  the  same  cause,  as  I  am  informed  by  Mr. 
Bogart,  nearly  all  the  natural  beds  have  proved  a  failure  this  year, 
80  far  as  large  specimens  are  concerned. 

All  the  large  farms  are  now  cultivated  by  means  of  steam.  This 
advance  on  the  old  methods  was  led  by  Capt.  Decker,  of  Norwalk, 
who  put  a  donkey-engine  into  his  sloop,  the  Early  Bird,  for  the 
purpose  of  turning  the  drums  on  which  the  dredge-lines  were 
hauled.  That  was  in  1867.  The  boat  is  still  in  service,  rigged 
as  a  steamer,  hauling  two  dredges,  and  having  a  capacity  of  200 
bushels.  Mr.  W.  F.  Lockwood  constructed  the  first  steamer 
built  expressly  for  the  oyster  business.  Mr.  Joshua  Leviness,  of 
City  Island,  endeavored  to  introduce  the  same  improvement  into 
the  New  York  waters,  but  a  law  was  passed  forbidding  steam- 
dredging  in  that  state.  Efforts  to  secure  similar  prohibitory 
action  in  Connecticut  were  unsuccessful.  There  are  now  thirty  or 
more  steam-dredgers  at  work  there,  with  a  carrying  capacity  of 
from  200  to  2,000  bushels  each.  The  largest  catch  made  in  one 
day  was  by  the  steamer  Smith  Brothers,  namely,  1 522  bushels  in 
six  hours  in  water  forty  feet  deep. 

The  traflSc  in  seed-oysters  (two-years  old)  has  lately  become 
very  lucrative.  They  go  to  New  York,  Rhode  Island  and  else- 
where outside  the  state,  and  command  IVom  fifty  cents  to  a  dollar 
a  bushel.  A  single  firm  sold  this  year  about  100,000  bushels. 
They  are  used  for  planting.  The  third  year  of  an  oyster's  life 
witnesses  its  most  rapid  growth.  I  have  known  instances  in  which 
seed-oysters  have  increased  in  six  months  from  a  length  of  two 
inches  to  a  length  of  five  inches !  Hence  buyers,  as  well  as  sellers 
find  it  a  profit4ible  bnsiness. 

Comparatively  small  oysters  are  preferred  for  the  foreign  market ; 
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while  the  demand  for  large  ones  is  constantly  increasing  in  this 
country.  Four  grades  only  are  recognized  by  the  oyster  growers : 
viz.,  "  cullentines  "  which  are  from  two  to  three  years  old ;  "  culls," 
three  years  old  ;  '*  boxes,"  from  four  to  six  years  old  ;  "  extras,** 
from  five  to  seven  years  old.  Those  over  seven  years  of  age  are 
generally  tough  and  undesirable.  The  oldest  specimen  I  have 
seen  was  estimated  to  be  twenty-five  years  of  age.  Culls  and 
cullentines  are  shucked  and  canned.  Boxes  and  extras  are  shipped 
in  the  shell  in  barrels  tightly  packed.  The  export  trade  is  in  its 
infancy ;  yet  there  were  500,000  bushels  of  oysters  in  the  shell 
shipped  from  Connecticut  to  Europe  last  year. 

Note: — In  connection  with  the  above  paper,  Mr.  Hovey  ex- 
hibited specimens  of  living  03'Sters  varying  from  one  day  up  to 
twenty-five  years  of  age.  He  also,  by  the  courtesy  of  the  Shell- 
fish Commission,  exhibited  their  official  chart  of  the  oyster-grounds 
of  Long  Island  Sound. 


Improved  Method  of  Spraying  Treks  for  protection  against 
Insects.    By  C.  V.  Rilet  of  Washington,  D.  C. 

[ABSTRACT.] 

The  paper  gave  a  summary  of  results  obtained  from  experiments 
made  during  the  past  two  years  at  the  U.  S.  department  of  agricul- 
ture. An  ordinary  barrel  is  used  as  a  reservoir,  in  which  is  inserted 
a  force-pump  with  automatic  stiiTer.  A  long  rubber  hose  extends 
from  the  pump,  and  is  attached  to  the  spraying  apparatus.  The 
nozzle  has  been  called  the  cyclone  or  eddy  nozzle ;  its  action  carries 
out  new  principles  of  spraying.  It  is  a  shallow,  circular,  metal 
chamber,  with  two  flat  sides,  in  the  centre  of  one  of  which  is  a  small 
circular  outlet.  The  fluid  is  forced  into  this  chamber  tangentially, 
producing  rapid  rotation,  and  a  spray  which  is  easily  regulated 
i'rom  a  mist  scarcely  visible  to  a  strong  shower  according  to  the 
size  and  form  of  the  outlet.  This  nozzle  is  adjusted  to  the  end 
of  a  bamboo  rod  (of  vaiying  length,  according  to  requirement), 
through  which  the  rubber  hose  has  been  passed ;  or  several  nozzles 
may  be  attached,  in  different  positions,  to  the  side  of  a  stiff  metal 
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tube,  suflSciently  slender  to  be  handled  by  the  operator,  and  thrust 
among  the  branches  of  the  tree.  The  metal  tube  is  made  in  sec- 
tions that  screw  on  to  each  other.  By  these  means,  trees  from 
twenty  to  thirty  feet  high  can  be  rapidly  sprayed  without  the  use 
of  a  ladder.  The  substances  used  are  either  London  purple, 
one-half  pound,  and  flour,  one  pound,  in  from  forty  to  fifty  gallons 
of  water;  or  Paris  green,  one  pound,  to  the  same  amount  of 
flour  and  water ;  or  petroleum  emulsions  made  as  the  wiiter  indi- 
cated at  the  last  meeting  of  the  association. 


Cable-cars  for  Cfty  Passenger  Traffic    By  E.  T.  Cox  of  New 
Harmonj',  Ind. 

[ABSTRACT.] 

This  paper  described  the  success  of  the  cable  system  as  a  substi- 
tute for  horse-cars ;  and  urges  its  general  adoption,  on  the  ground 
of  its  convenience  and  comfort  to  humanity,  and  the  diminution  of 
suffering  to  the  horse.  Numerous  statistics  were  given  relating  to 
the  number  of  horses  now  employed. 


A  new  System  for  the  Treatment  and  removal  of  Sewer  Gas, 

THE   VENTILATION   OF   BUILDINGS,   AND   UTILIZATION    OF    HeAT. 

By  T.  E.  Jefferson  of  Hudson,  Wip 

[abstract.] 

Tms  system  chiefly  consists  in  making  sewers  approximately 
air  tight,  by  sealing  the  sewer  inlets,  so  as  to  admit  sewage  but 
exclude  the  air,  and  by  making  suitable  pipe  connection  between 
sewei-s  and  buildings  and  different  heating  apparatus,  arranged  to 
permit  the  inflow  of  atmosphere,  and  the  products  of  combustion 
into  the  sewer,  and  at  the  same  time  prevent  the  backflow  of  gas, 
when  by  the  connection  of  a  powerful  suction  apparatus  with  the 
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sewer  near  its  outlet,  the  removal  of  sewer  gas,  and  smoke  from 
fmmaces  and  fires  and  the  thorough  ventilation  of  baildings,  is 
positively  effected  and  regulated  as  desired.  By  employing  me- 
chanical force  for  creating  draft  for  fires,  the  lai^e  per  cent  of  heat 
heretofore  required  for  this  purpose  is  retained,  effecting  a  corres- 
ponding saving  in  the  consumption  of  fuel.  The  main  portion  of 
these  important  discoveries,  including  the  removal  of  sewer  gas 
and  the  positive  means  for  ventilating  buildings  and  cities,  and 
carrying  the  vitiated  atmosphere  and  poisonous  vapors  away  fh)m 
ccmtact  with  the  people,  were  recently  made  by  Hon.  John  Com- 
stock  of  Hudson,  Wis.,  and  first  introduced  in  one  of  the  districts 
of  Paris,  France,  the  present  year,  where  its  great  utility  and 
success  are  fully  demonstrated  and  established. 


**  BjSkvm  Food.**    By  Stephen  S.  Haight  of  West  Farms,  New 
York,  N.  Y. 
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REPORT  OF  GENERAL  SECRETARY. 


TlIK  THIBTT-8BCOND  ANNUAL   MbETIMO   OF   THB  AmKIUOAN  ASSOCIATION 

FOR  THB  Advancement  of  Science. 

In  accordance  with  the  action  taken  at  the  Montreal  meeting  in  1882, 
the  American  Association  for  the  Advancement  of  Science  met  in 
General  Session  in  the  Chapel  of  the  State  University  of  Minnesota,  in 
East  Minneapolis,  at  10  a.  m.,  Angnst  15,  1883;  the  retiring  President, 
Dr.  J.  W.  Dawson,  of  Montreal,  in  the  chair. 

On  calling  the  meeting  to  order.  Dr.  Dawson  completed  his  otBcial 
duty  as  President  by  calling  to  the  chair  the  President-elect,  Prof. 
Charles  A.  Young  of  Princeton,  N.  J. 

On  taking  the  chair.  Prof.  Young  said : 

Ladles  and  Gentlemen  of  the  Association : —  I  should  certainly  be  sadly 
wanting  in  all  proper  appreciation  of  the  circumstances,  if.  In  receiving 
this  chair  from  my  distinguished  predecessor,  I  did  not  express  my  sin- 
cere and  hearty  thanks  for  the  high  favor  you  have  conferred  in  electing 
me  to  its  occupancy. 

In  taking  it,  I  can  only  promise  what  is  in  my  power — not  high  skill 
in  the  conduct  of  business,  nor  any  thorough  knowledge  of  parliamentary 
form  and  practice,  but  only  an  honest  and  patient  fidelity  to  your  interests, 
and  strict  impartiality.  I  must  rely  to  a  great  extent  upon  the  assistance 
of  our  permanent  officers,  and  upon  your  own  kind  indulgence. 

We  are  met  here  for  an  important  purpose  —  to  do  what  we  can,  in  the 
short  interval  allotted  ns,  for  the  "  Advancement  of  Science."  To  this 
everything  else  should  be  kept  subsidiary.  Not  only  in  the  meetings  of 
our  sections,  the  reading  of  our  papers,  and  our  discussions,  but  in  all  our 
more  agreeable  occupations  here,  let  ns  keep  an  eye  single  to  this  aim, 
and  strive  so  to  carry  ourselves  and  so  to  use  our  opportunities,  that  we, 
and  all  our  friends  here,  shall  be  stimulated  and  encouraged  in  the  honest 
pursuit  of  truth. 

Prayer  was  then  offered  by  Bishop  Cyrus  D.  Foss  of  Minneapolis. 

The  Hon.  George  A.  Pillsbury,  chairman  of  the  Local  Committee, 
then  introduced  the  Hon.  Lucius  F.  Hubbard,  Governor  of  the  state  of 
Minnesota,  who  delivered  the  following  address  of  welcome  on  behalf  of 
the  state. 

Mr.  President,  Ladles  and  Gentlemen  of  the  American  Association  for 
the  Advancement  of  Science :—  I  trust  that  you  have  already  realized  the 
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Akct  that  yoa  are  cordially  welcome  in  oar  midst.  We  assume  that  one  of 
the  first  impressions  that  a  stranger  forms  here  is  that  he  has  come  among 
a  people  that  are  glad  to  greet  him,  and  expect  him  to  malce  himself 
thoroughly  at  home.  Such  is  our  hope  In  your  case,  and  we  shall  regard 
it  with  disappointment  if  it  shall  be  necessary  to  make  a  formal  tender  of 
our  hospitality  in  order  to  make  yoa  feel  that  it  is  freely  yours.  We 
welcome  you  to  our  state,  and  we  feel  honored  by  your  presence.  We 
recognize  in  your  association  a  body  of  ladies  and  gentlemen  who  are  de- 
voting their  talents  and  energies  to  the  advancement  of  the  greatest 
material  interests  of  our  race,  and  whose  efforts  should  command  the  cordial 
recognition  and  reward  which  they  deserve.  The  achievements  of  science 
in  this  generation  are  an  epoch  in  the  history  of  the  world.  These 
achievements  hare  wrought  essential  changes  in  the  material  condition  of 
man.  We  hardly  approach  to  a  realization  of  the  latest  scientific  wonder 
before  we  become  almost  transfixed  by  some  new  surprise.  Scientific 
investigation  has  proven  a  most  inviting  field  for  the  labor,  and  commands 
the  service  of  the  brightest  intellect  and  genius  of  our  time.  At  the  same 
time  it  has  i*eturned  a  rich  harvest  to  the  laborer  and  has  dispensed  untold 
and  unmeasured  benefits  to  mankind.  We  expect  to  derive  much  advan- 
tage from  your  presence  at  this  meeting.  The  great  northwest  oflTers,  no 
doubt,  a  grand  field  for  scientific  inquiry,  and  will  fUrnish  ample  material 
to  illustrate  your  investigations.  We  shall  seek  to  profit  by  your  delib- 
erations here  in  common  witli  the  country  at  large,  which  will  regard 
your  proceedings  with  an  interest  commensurate  with  their  importance. 

The  Hon.  A.  A.  Ames,  Mayor  of  Minneapolis,  was  then  introduced  and 
in  the  following  words  welcomed  the  association  on  behalf  of  tlie  city : 

Ladies  and  Gentlemen  of  the  American  Association  for  the  Advance- 
ment of  Science :— You  have  honored  the  city  of  Minneapolis  by  selecting 
it  as  the  place  for  this  your  thirty-second  meeting.  Our  citizens  arc  not 
unmindful  of  the  honor  conferred.  On  behalf  of  our  people,  I  bid  you  wel- 
come, and  I  take  pleasure  in  extending  to  each  or  you  the  freedom  and  hos- 
pitality of  our  city.  You  will  find  them  as  broad  as  our  streets  and  as 
cordial  and  courteous  as  men  with  western  ideas  can  make  them.  You 
must  not  suppose,  gentlemen,  in  looking  over  our  city  casually,  that  we 
are  devoid  of  science  — that  we  are  wholly  given  up  to  a  chose  after  trade 
dollars.  Here,  in  the  West,  we  combine  business  with  pleasure.  Many 
of  us  took  Horace  Greeley's  advice,  and  here  we  are  grown  up  with  the 
country.  Our  science  consists  of  means  devised  for  tilling  the  vast  and 
fertile  prairies  which  surround  us,  levelling  the  gigantic  pines  of  the  north, 
and  building  mammoth  mills,  workshops  and  blocks,  and  constructing 
beautlfal  homes.  You  find  no  ancient  castles  or  fortresses  here :  every- 
thing wears  a  modem  air.  We,  as  a  city,  have  sprung  into  existence  as 
if  by  magic  and  we  stand  before  the  world  one  of  the  wonders  of  the 
nineteenth  century.  Within  my  own  observation  Minneapolis  has  grown 
from  a  wild  waste  inhabited  by  Indians  and  wolves,  to  be  a  city  of  100,000 
people.    This  comes  of  western  energy  and  western  thrllt.    Here  yoa 
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hare  a  problem  uot  solved  by  any  known  scientific  fonnula.  It  is  a  case 
which,  lilvc  the  great  trees  of  California  and  the  wonders  of  the  Yellow- 
stone region,  still  remains  to  invite  the  theories  of  scientists. 

Again  I  welcome  you  to  our  city  and  homes.  You  will  find  the  latch 
strings  hanging  out,  and  plenty  of  hospitality  and  cheer  within.  If,  among 
your  other  scientific  researches,  you  will  solve  and  make  plain  to  us  the 
science  of  local  government,  you  will  confer  a  lasting  favor,  and  for  your 
labor  you  shall  not  go  unrewarded.  Between  your  hours  of  research 
we  Invite  you  to  see  how  we  have  harnessed  up  old  St.  Anthony's  Falls 
and  utilized  the  great  water  power  of  the  Mississippi  river;  to  go  through 
our  mills,  manufactories  and  workshops  and  see  the  results  of  skilled 
labor  and  Improved  machinery;  to  visit  our  beautiful  lakes  and  pleasant 
resorts  and  view  the  most  gorgeous  scenery  ever  spread  before  mortal 
eyes;  to  see  Minneapolis  and  her  people  as  they  exist  In  their  primitive 
sereueness.    Gentlemen,  I  bid  you  make  yourselves  at  home  among  us. 

In  behalf  of  tlie  Local  Committee,  Col.  Wm.  W.  Folwell,  Presi- 
dent of  the  State  University,  made  the  following  address : 

Mr.  President  and  Gentlemen  of  the  American  Association  for  the  Ad- 
vancement of  Science : — His  Honor  the  Mayor,  and  His  Excellency  the 
Governor  of  the  state,  have  bidden  you  welcome  to  our  city  and  common- 
wealth in  due  form,  with  fitting  words.  You  are  accordingly  welcomed. 
Yet,  I  am  commissioned  to  offer  you  still  ftirther  welcome.  This  surprises, 
perhaps  amuses  you.  It  did,  I  confess  puzzle  me  at  first  not  a  little,  to 
guess  what  my  townsmen  Intended  when  they  charged  me  with  this  duty. 
A  little  reflection  resolved  my  doubts  and  convinced  me  that  my  colleagues 
of  the  local  committee,  acting  for  our  good  people  of  Minneapolis,  knew 
what  they  were  about.  The  chief  magistrates  of  the  city  and  state  would 
give  you  as  in  duty  bound,  their  formal  official  salutation,  which  you,  be- 
ing all  Pickwlcklans,  might  interpret  in  the  Pickwickian  sense :  as  the 
prudent  traveller  Interprets  that  oriental  courtesy  which  lays  at  his  feet 
the  house,  equipage  and  whole  wealth  of  his  host.  Our  people  wished 
more  than  this ;  they  meant  more  than  to  open  to  you  the  doors  of  the 
capitol,  the  city  hall,  the  police  court,  the  waterworks  and  other  public  in- 
stitutions. So  they  send  one  of  their  number  in  no  official  capacity  or  re- 
lation at  all,  simply  as  one  of  themselves,  to  clap  atop  of  the  most  polite 
yet  official  greetings  of  the  Mayor  and  His  Excellency,  a  hearty,  informal, 
old  fashioned  "  how  d'ye  do,**  and  beg  you  to  **  make  yourselves  at  home 
with  08.**  Accept  then,  I  beg  you,  the  greeting  and  welcome  of  the  people 
of  Minneapolis. 

I  think  It  is  Airther  expected  of  me  that  I  attempt  some  explanation,  I 
need  not  say  apology,  of  the  condition  of  things  you  must  already  have 
observed  In  our  city.  Look  where  you  will,  you  see  the  streets  blocked 
by  piles  of  building  material  and  the  throng  of  loaded  wagons.  Here  are 
sewers  in  construction,  there  pavements.  Hotels,  stores,  manufactories, 
dwellings,  are  rising  in  all  quarters.  Vast  railway  improvements  are 
in  progress  to  meet  the  demands  of  a  commerce  already  colossal.    You 
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wonder,  I  am  sure,  that  there  should  be  any  city  at  all,  where  so  lately 
the  terrible  Dakotas  were  masters  of  the  soiL  We  Minneapolitans  live 
in  a  chronic  state  of  amazement,  as  wealth  and  population  flow  in  upon 
us,  as  suburb  after  suburb  springs  up,  and  vast  structures  lift  themselves 
in  our  central  precincts.  As  for  population,  most  of  us  have  lost  the 
count,  but  no  one,  I  think,  would  place  our  number  at  the  next  census  in 
1885  below  one  hundred  thousand  souls. 

'  For  this  ma/^iflcent  natural  development  the  causes  are  not  far  to  seek. 
On  the  part  of  nature  they  are  threefold :  first,  a  vast  area  of  arable  land 
of  great  natural  fertility,  unincumbered  by  forests,  ready  for  the  plough, 
lying  behind  us  in  our  own  state.  In  Dakota  and  the  territories  beyond; 
second,  the  great  pine  forests,  covering  the  broad  plateau  between  us  and 
the  Canadian  line,  whence  flow  the  Mississippi  and  liU  upper  tributaries ; 
third,  the  Falls  of  St.  Anthony  ftimishing,  it  Is  estimated,  the  largest 
available  water  power  of  the  world.  All  these,  however,  would  avail  little 
but  for  tlie  Intelligence,  foresight,  enterprise,  faith  aud  trust  of  men.  It 
Is  these  human  qualities  which  have  brought  hither  the  capital  of  older 
states  and  nations  to  spread  over  the  wheat  lands  of  the  great  northwest 
a  vast  network  of  railways  In  advance  of  population.  The  faith  which 
opened  these  vast  lines  of  travel  has  not  been  vain.  Year  by  year  an  in- 
creasing, ever-augmenting  tide  of  immigration,  chiefly  of  North  European 
peoples,  sober,  austere,  virtuous  and  deeply  religious,  has  been  flowing 
past  our  doors  to  settle  on  the  prairies  —  God's  reservation  for  the  free 
aud  the  poor.  Such  a  movement  of  population  has  not  been  seen  since 
the  days  of  Theodorlc.  Towns  aud  villages  by  hundreds  spring  up  as  if 
by  magic,  and,  yearly,  millions  of  acres  of  virgin  soli  spread  their  golden 
harvests  to  the  unaccustomed  heavens. 

The  same  apparatus  which  distributes  Immigration  follows  It  up  with 
those  supplies  which  civilized  man  cannot  forego,  and  returns  to  the 
markets  of  the  world  the  products  of  the  territory  occupied.  To  inter- 
cept at  this  point  the  flow  of  cereals  from  the  wheat  lauds,  to  assemble 
here  the  multitudinous  drives  of  pine  logs  banked  each  winter  in  the  Mis- 
sissippi pineries  and  by  means  of  the  power  of  these  falls  to  courert 
them  Into  food  and  building  materials,  no  philosopher,  economist  or  leg- 
islator was  needed  to  suggest.  The  voluntary  principle  was  all-sufllcient, 
and  already  for  years  the  rumble  of  the  flour  mill,  the  buzz  of  the  circular 
saw  aud  the  keen  whirr  of  the  planer  have  drowned  the  thunder  of  the 
Father  of  Waters. 

Under  these  circumstances,  Mr.  President,  you  will  not,  I  am  sure,  look 
for  the  finish  and  elegance  of  the  older  and  forwarder  cities.  It  would  be 
impossible  for  us,  after  the  fashion  of  the  spry  housewife,  to  spring  about 
aud  suddenly  ♦'tidy  up  things"  for  your  visit.  The  bricks  and  mortar,  the 
stone  and  timber  which  bar  or  embarrass  your  passage  cannot  be  removed 
till  they  are  built  into  the  structures  whose  foundations  you  see  on  your 
right  hand  and  on  your  left. 

But  I  should  do  a  wrong  to  my  city  were  I  to  leave  with  you  the  impres- 
sion that  we  are  so  overwhelmed  and  engrossed  with  our  material  latK>r8 
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as  to  have  no  care  for  things  of  the  mind  and  the  higher  life.  If  that 
were  true,  why  should  we  welcome  with  so  much  sincere  ardor  the  assem- 
bling of  your  association?  From  the  villages  of  New  England  and  the 
farmhouses  of  the  middle  states  our  people  have  brought  that  perennial 
curiosity,  that  thirst  for  knowledge,  that  intense  though  sombre  imagi- 
nation, which  have  given  American  civilization  and  American  literature 
a  cost  and  hue  of  their  own.  I  must,  in  a  word,  praise  our  system  of 
public  schools,  both  city  and  state,  which  under  able  management  and  a 
steady  popular  support  cannot,  we  believe,  be  ranked  below  those  of  any 
community  of  our  size  in  the  Union.  Minnesota  is  the  first  state  which  has 
organized  its  secondary  as  well  as  its  primary  and  superior  education,  and 
offers  to  every  child  in  the  state  a  free  course  of  studies,  from  the  alpha- 
bet to  the  degree  of  master  of  arts.  Our  churches,  goodly  in  size  and  num- 
ber, may  speak  for  the  interests  of  religion.  The  ftiture  will  attest  the 
diligence  and  the  fidelity  of  those  who  love  music  and  the  sister  arts,  of 
whom  our  older  cities  might  be  proud. 

It  is  thus,  however,  Mr.  President,  that  we  Minneapolitans,  alert,  pre- 
occupied, pause  in  the  midst  of  our  labors  to  welcome  your  already  ven- 
erable association. 

We  hail  you  as  the  survivors  of  a  generation  of  great  investigators,  the 
Sillimans,  the  Baches,  the  Henrys,  the  Morses,  the  Rogerses,  who  have  made 
their  country  famous  and  their  own  names  as  imperishable  as  science  her- 
self. We  hail  you  as  the  worthy  successors  of  such  a  generation,  per- 
petuating and  enlarging  their  work. 

In  common  with  civilized  people  we  recognize  the  immense  debt  of  the 
modern  world  to  science ;  yet  often  no  doubt  when  we  are  filling  the  sky 
with  applause  to  some  lucky  inventor  we  are  not  remembering  the  years, 
perhaps  generations,  of  inconspicuous  and  painful  labors,  carried  on  in 
dim  studies  and  laboratories  wlilch  made  the  invention  possible.  Let  the 
inventor  have  his  glory  and  his  profit  without  envy  and  without  stint,  but 
let  us  not  forget  to  build  the  cenotaph  of  a  thousand  nameless  geometers, 
star-gazers  and  natural  philosophers,  who  working  in  silence  and  obscurity, 
without  thought  of  fame  or  hope  of  reward,  put  it  in  his  power  to  bless 
and  captivate  the  worhl. 

We  are  grateful,  therefore,  to  science  for  the  telescope  and  the  microscope, 
for  chloroform,  for  the  photograph,  for  all  the  marvellous  applications 
of  electricity.  To  science  we  owe  tiiat  magnificent  apparatus  of  transporta- 
tion which  is  the  crowning  and  distinctive  feature  of  modern  material  life. 
By  its  means  men  and  goods  fiow  in  vast  masses  up  and  down  and  around 
the  world.  These  movements  ore  like  to  the  currents  of  the  ocean,  the 
flow  of  mighty  rivers  and  the  majestic  march  of  the  heavenly  bodies. 
To  science  we  ovve  the  thousand  appliances  which  yield  comfort  and  even 
elegance  to  the  humblest  household. 

Immense  as  are  these  contributions  of  science  to  material  comfort  and 
happiness,  she  has,  I  still  think,  performed  greater  services  to  mankind. 
The  scientific  method  developed  in  the  study  of  nature  has  spread  to  all 
branches  of  investigation.    It  has  permeated  all  our  education,  it  has 
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boldly  leaped  the  boundary  between  physics  and  metaphysics.  It  has  even 
penetrated  into  industry  and  business  and  common  life.  The  modern  man 
first  collects  what  knowledge  he  can  about  his  enterprise  or  adventure  and 
assures  himself  of  their  value.  He  then  malces  the  best  guess  he  can  in  re- 
gard to  the  future.  Then  he  assembles  new  facts  and  as  the  facts  require, 
amends  his  theory,  till  at  length  It  becomes  a  working  rule,  maxim  or  prin- 
ciple, lie  knows  not  merely  how  to  know  but  how  to  guess.  The  penetra- 
tion of  the  scientific  method  into  the  operations  of  trade  in  great  commercinl 
cities  is  very  conspicuous.  We  endeavor  to  gamble  scientifically.  No 
Drew  or  Armour  or  Qould  ever  forms  his  comer  without  a  most  careful 
study  of  the  situation,  and  his  venture  is  his  bet  on  the  correctness  of  his 
theory.  The  further  extension  of  the  scientific  method  till  it  shall  be- 
come the  guide  of  conduct  in  the  every-day  life  of  all  men,  Is  now  a  chief 
problem  in  education. 

In  the  next  place  I  think  science  may  at  length  fairly  claim  to  have 
wrought  out  under  great  difilculties  a  working  hypothesis  of  our  universe 
in  the  nebular  hypothesis  and  its  almost  necessary  corollary,  ''cvolntion.** 
It  cannot  be  denied  that  we  are  all  in  some  sense  evolntionists,  some  of 
us  against  our  prepossessions,  some  of  us  by  insensible  but  progressive 
lapses.  I  am  not  competent  to  argue  on  this  great  theme.  But  I  feel 
bound  to  admit  that  the  evolution  doctrine  in  one  form  or  another  has 
quietly  taken  possession  of  the  modern  mind.  Why  may  we  not  gladly 
accept  it  as  a  most  nseftil  working  hj'pothesis  of  the  mode  of  creation? 
I  say  of  the  mode  of  creation,  for  that  mystery  of  creation  itself  wilt  for- 
ever mock  the  powers  of  man.  Only  this  we  know,  that  unless  human 
consciousness  is  a  juggle  and  human  language  a  mockery,  there  can  never 
be  to  man  a  creation  without  a  creator,  nor  an  evolution  without  an 
evolver. 

Another  great  service  of  science  is  the  maintenance  in  the  world  of  a 
body  of  men,  a  lay  priesthood,  devoted  to  the  search  for  truth  for  its  own 
sake  and  its  own  value.  In  a  mercenary  age,  when  in  tiie  opinion  of  a 
distinguished  contemporary,  mercantilism  has  become  a  disease  and  ex- 
crescence on  society,  the  example  of  such  a  body  of  men  is  of  supreme 
value  in  the  training  of  the  new  generations.  Youths  are  formed,  a  wise 
Greek  has  taught  us,  not  so  much  by  schools  as  by  the  example  of  distin- 
guished men.  To  welcome  you  as  a  body  of  earnest  lovers  of  and  seekers 
after  truth,  from  the  love  of  it  and  your  kind,  would  be  well  worth  our 
while,  were  It  our  only  motive  to  impress  and  inspire  the  chlldi*eii  and 
youth  of  our  city.  In  doing  you  honor  we  give  them  a  lesson  no  books 
nor  masters  can  impart.    For  their  sake  we  then  renew  our  welcome. 

A  still  greater  benefit  of  science  to  mankind  Is  the  emancipation  it  has 
wrought  for  us  in  the  last  generations  from  superstition  and  the  dominion 
of  imaginary  powers.  It  is  no  long  time  since  it  was  generally  believed 
by  civilized  men  that  human  affairs  were  under  the  control  of  the  spirits 
of  the  air,  good  or  evil.  Men  walked  In  cringing  terror  by  day  and  night, 
of  demons  and  goblins  damned.  The  earthquake,  the  tornailo,  the  light- 
ning's stroke,  they  looked  upon  as  instruments  of  punishment  for  the  shis 
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of  mlera  and  peoples.    Thanks  to  science  the  modem  world  has  emerged 
ft^m  this  cloud  of  gloom. 

We  have  some  certain  knowledge.  Our  knowledge  Is  not  merely  qual- 
itative, but  quantitative.  Truth  ever  makes  free.  Above  all,  we  know 
that  all  things  in  nature  arc  governed  by  law  —  law,  **  whose  seat  is  the 
bosom  of  God,  whose  voice  is  the  harmony  of  the  world."  The  benutlfbl 
conception  of  the  Greeks  of  the  universe  as  a  kosmos,  that  is,  on  embod- 
iment of  divine  and  all-pervading  order,  is  the  grand  presupposition  of 
modem  thought.  We  now  know  that  the  phenomena  of  nature  have  no 
relation  to  human  conduct,  the  impartial  rain  falling  alike  on  just  and  un- 
just. Men  walk  the  earth  erect  and  tree,  fearing  no  bogies  nor  demons. 
How  vast  and  how  blessed  the  relief  to  childhood  I 

In  dispelling  superstition,  science  has  incidentally  wrought  her  greatest 
services  to  mankind  in  the  purification  of  religion.  The  time  is  coming 
when  grateful  thanks  will  be  rendered  by  the  ministers  of  religion  for 
the  emancipation  which  science  has  wrought  for  the  faith,  and  then  the  con- 
flict of  science  and  religion  will  only  be  remembered  as  the  antagonism  of 
crude  theories  on  the  one  hand  and  cruder  superstitions  on  the  other. 

Grateful  we  are  for  all  the  knowledge  which  science  has  collected  and 
collated,  and  perpetuated  to  our  use.  All  honor  to  the  men  who  are 
consecrated  to  truth  In  her  service.  We  may  not  know  what  marvels,  far 
surpassing  all  the  gifts  of  the  past,  the  science  of  the  future  may  reveal. 
Still  we  must  remember  that  the  human  mind  is  finite,  while  the  truth  is  In- 
finite. The  vast  unknown  engirdles  our  little  circle  of  light.  The  mys- 
tery of  life  and  death  no  son  of  earth  has  ever  penetrated.  Welcome  all 
truth,  all  knowledge  then  I  welcome  to  the  faith  which  points  to  the  con- 
tinuance of  life  in  a  land  where  study  will  be  no  weariness  to  the  soul, 
where  no  veil  of  flesh  will  cloud  the  vision,  where  science  and  religion 
shall  be  forever  one,  where  men  shall  know  even  as  they  are  known ! 

To  the  above  addresses  of  welcome  President  Young  responded  as  fol- 
lows: 

Gentlemen:  On  behalf  of  my  fellow- members  of  the  association,  I  re- 
turn you  our  slncerest  thanks  for  the  hearty  welcome  we  have  received  to 
this  magnificent  state,  this  young  and  beautiful  city,  this  vigorous,  ener- 
getic, warm-hearted  community.  When  you  first  invited  us  here  It  was 
not  In  our  power  to  come,  but  your  second  invitation  we  have  accepted 
most  gladly,  and  hope  and  believe  that  our  meeting  here  will  prove  a  benefit 
and  pleasure  to  all  concerned. 

Some  of  us  have  known  you  personally  before,  and  most  of  us  have  long 
been  more  or  less  familiar  at  second  hand  with  your  state  and  city,  nnd 
yet  I  think  to  many  of  us  it  is  something  like  a  new  revelation  to  see  for 
ourselves  what  a  few  years  have  accomplished.  I  am  not  enough  of  a 
Latin  scholar  to  quote  my  Virgil  well,  but  I  have  been  all  the  time  most 
forcibly  reminded  of  the  passage  in  which  JEneos  first  comes  in  sight  of 
rising  Carthage— most  emphatically  "the  work  boils  here."  We  see  no 
drones  or  sluggards,  but  every  shoulder  is  at  the  wheel  and  everything 
is  moving. 
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It  may  perhaps  seem  to  you  sometimes,  when  in  onr  sectional  meeting 
we  discuss  some  question  about  the  stars,  or  some  hypothesis  as  to  the 
formation  of  roclc  strata,  or  the  structure  of  some  worm  or  Insect,  that  we 
are  not  of  the  current  of  life,  and  contribute  nothing  to  the  advancement 
of  the  world.  But  you  know  It  is  not  so,  and  your  invitation  to  hold  our 
meeting  here  shows  that  you  know  It.^  The  world  advances  not  on  one 
line  only,  but  on  many ;  on  lines  material,  intellectual,  spiritual.  To  some 
exteut  the  movements  are  Indeed  independent,  but  not  very  far.  Any 
true  advance  on  either  line  implies  corresponding  movement  on  each  of  the 
others  if  not  absolutely  simultaneous  yet  swiftly  consequent.  There  Is 
no  need  to  ask  you  here  how  much  this  city  owes  to  modern  science,  when 
I  see  on  eveiy  side,  in  all  your  streets  and  storehouses  and  mills  the  prac- 
tical application  of  the  highest  engineering,  mechanical  and  electric  art. 
And  In  the  future  it  is  almost  certain  that  science  is  to  contribute  still 
more  liberally  to  business.  But  not  mainly  for  this  reason  do  I  claim  your 
regard  to  science,  but  because,  made  in  the  image  of  God  as  we  arc,  know- 
ledge and  understanding  are  as  truly  wealth  and  power  as  lands  and  food 
and  money. 

I  need  not  add  that  as  you  have  invited  us  here,  so  we  on  our  part  most 
cordially  invite  you  to  attend  all  our  meetings  and  listen  to  our  papers 
and  their  discussion.  We  cannot  promise  that  every  paper  will  be  Inter- 
esting to  all,  but  each  one  I  think  will  be  able  to  select  certain  ones  he 
will  be  glad  to  hear.  And  if  any  one  of  you  choose  to  Join  us  and  enroll 
yourselves  as  promoters  of  the  advancement  of  science,  our  membership  is 
open  on  easy  terms. 

Once  more,  gentlemen,  we  thank  you  for  your  cordial  welcome  and  ad- 
dress ourselves  to  our  business.  In  hope  and  confidence  that  onr  meeting 
here  is  to  be  In  the  highest  degree  pleasant  and  successfuL 

The  regular  business  of  the  General  session  was  then  taken  up. 

The  Gknkral  Skcrrtary  read  a  list  of  seventy-three  persons  recom- 
mended by  the  Standing  Committee  for  membership  in  the  Association  and 
they  were  duly  elected. 

The  Pkrmanbnt  Sbcrbtart  read  the  financial  report  of  the  Association. 

The  Permanent  Secketary  also  read  the  following  list  of  twenty 
members,  notices  of  whose  death  had  been  received  during  the  past  year. 

Stephen  Alexander,  of  Princeton,  N.  J.,  past  president.  Joined  the 
Association  at  the  first  meeting.    Born  Sept.  1,  1806.    Died  June  25, 1883. 

Louis  Aufrecut,  of  Cincinnati,  Ohio.    Joined  at  the  30th  meeting. 

Sir  Redmond  Barry,  of  Melbourne,  Australia.  Joined  at  the  25th  meet- 
ing. 

G.  W.  Belfrage,  of  Clifton,  Texas.  Joined  at  the  29th  meeting. 
Died  Dec.  7, 1882. 

Robert  Buiggs,  of  Philadelphia,  Pa.    Joined  at  the  29th  meeting. 

Horace  Buown,  of  Salem,  Mass.  Joined  at  the  27th  meeting.  Died 
July,  1883. 

L.  8.  BuRDANK,  of  Wobnm,  Mass.    Joined  at  the  18th  meeting. 
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Paul  A.  ChadbourkBi  of  Amherst,  Mass.  Joined  at  the  10th  meeting. 
Born  Oct.  21,  1823.    Died  Feb.  23, 1888. 

Miss  Margaret  S.  Chknry,  of  Jamaica  Plain,  Mass.  Joined  at  the 
29th  meeting.    Died  Sept.,  1882. 

JosiAH  Curtis,  Washington,  D.  C.  Joined  at  the  18th  meeting.  Died 
Aug.  1,  1883. 

Hknry  Draper,  of  New  York,  N.  Y.  Joined  at  the  28th  meeting.  Born, 
1837.     Died  in  1883. 

O.  H.  FiTcn,  of  Ashtabula,  Ohio.  Joined  at  the  7th  meeting.  Died 
Sept.  17, 1882,  in  his  80th  year. 

A.  P.  Garbbr,  of  Columbia,  Pa.  Joined  at  the  29th  meeting.  Died 
Ang.  26,  1881. 

G.  S.  B.  Hehpstbad,  Portsmouth,  Ohio.  Joined  at  tlie  29th  meeting. 
Died  July  9,  1883,  in  his  89th  year. 

Jaates  Orton,  Poughkeepsle,  N.  Y.  Joined  at  the  18th  meeting.  Died 
Sept.  24,  1877. 

William  Schley,  of  New  York,  N.  Y.  Joined  at  the  28th  meeting. 
Died  in  1882. 

Joseph  S.  St.  John,  of  Albany,  N.  Y.,  acting  General  Secretary  of 
the  7th  meeting.    Died  Nov.  23,  1882. 

A.  F.  Taylor,  Cleveland,  Ohio. 

Thomas  W.  Tobin,  of  Louisville,  Ky.  Joined  at  the  30th  meeting.  Died 
Aug.  4,  1883,  in  his  41st  year. 

R.  S.  Williamson,  of  San  Francisco,  Cal.    Joined  at  the  12th  meeting. 

President  Young  gave  a  brief  account  of  the  life  of  Prof.  Stephen  Alex- 
ander of  Princeton,  N.  J.,  who  was  an  original  member  of  the  Association 
and  was  President  in  1859. 

After  formal  announcements  by  the  Picrmanent  Secrrtary  and  officers 
of  the  Local  Committee  the  General  Session  adjourned. 

On  the  adjournment  of  the  General  Session  the  Sections  met  In  their 
respective  section  rooms  to  complete  their  organizations  with  the  follow- 
Ing  result 

SECTION  A. 

Vice  Pre$ident :  W.  A.  Rogers. 

Secretary :  G.  W.  Hough. 

Member  of  Standing  Committee :  B.  S.  Holden. 

Sectional  Committee :  J.  R.  Eastman,  H.  T.  Eddy,  E.  W.  Hyde. 

Member  of  Nominating  Committee:  S.  J.  Coffin. 

Subcommittee  on  Nominations :  A.  B.  Nelson,  C.  J.  Smtth,  E.  Fiusbt. 

SECTION  B. 
Vice  President:  H.  A.  Rowland. 
Secretary :  P.  E.  Nipher. 

Member  of  Standing  Committee :  Lb  Roy  C.  Cooley. 
Sectional  Committee :  T.  F.  Jewell,  W.  A.  Anthony,  H.  8.  Carhart. 
Member  of  Nominating  Committee :  H.  R.  Goodnow. 
Sub'Committee  on  Nominations :  T.  C.  Mbndbnball,  C.  F.  Brackbtt. 
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SECTION  C. 

Vice  President:  E.  W.  Morley. 
Secretary :  W.  McMurtrie. 
Member  of  Standing  Committee :  C.  Lko  Mebs. 

Sectional  CommiUee :  W.  G.  Mixter,  R.  B.  Warder,  A.  P.  8.  Stuabt. 
Member  of  Nominating  Committee:  A.  P.  S.  Stuart. 
Sab-committee  on  Nominations:  A.  Springer,  H.  U.  Dctwiddik,  J.  A. 
Dodge. 

SECTION  D. 

Vice  President:  De  Volson  Wood. 
Member  of  Nominating  Committee:  C.  M.  Woodward. 
StUhCommUtee  on  NominaUonsi  T.  B.  Baker,  L.  L.  McInnis,  W.  A« 
Pm. 

SECTION  E. 

Vice  President :  C.  H.  Hitchcock. 

Secretary :  A.  A.  Julibn. 

Member  of  Standing  Committee :  E.  W.  Clatpolb. 

Sectional  Committee :  J.  W.  Spencer,  T.  C.  Chamberlain,  W.  Uphax. 

Member  of  Nominating  Committee:  N.  H.  Winchbll. 

Sub-committee  on  Nominations :  £.  Orton,  J.  F.  Jambs,  J.  W.  Powkll. 

SECTION  F. 

Vice  President :  W.  J.  Beal. 
Secretary :  S.  A.  Forbes. 

Member  of  Standing  Committee :  O.  S.  Westcott. 
Sectional  Committee :  C.  E.  Bbsset,  W.  R.  Lazenbt,  E.  D.  Copb. 
Member  of  Nominating  Committee:  H.  Osborn. 

Sub-commiUee  on  Nominations :  D.  S.  Eelucott,  J.  M.  Coulter,  W. 
Q.  Farlow. 

SECTION  G. 

Vice  President:  J.  D.  Cox. 
Secretary :  W.  H.  Walmsley. 
Member  of  Standing  Committee :  W.  Lilly. 

Sectional  Committee :  W.  J.  Bkal,  T.  C.  Mendenhall,  W.  A.  Rogers. 
Member  of  Nominating  Committee :  C.  V.  Riley. 
Sub-committee  on  Nominations :  W.  H.  Walmsley,  C.  Leo  Mess,  D.  S. 
Kkllicott. 

SECTION  H. 

Vice  President:  0.  T.  Mason. 

Secretary :  G.  H.  Perkins. 

Member  of  Standing  Committee :  E.  S.  Morsb. 

Sectional  Committee :  P.  R.  Hoy,  F.  W.  Putnam,  N.  S.  Towvshbkd. 

Member  of  Nominating  Committee :  Nathaniel  Painb. 
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SECTION  I. 
Vice  President :  Franklin  B.  IIough. 
Secretai-y :  Joseph  Cummings. 
Member  of  Nominating  Committee :  C.  W.  Smiley. 
Sub-committee  on  Nominations:  J.  R.  Dodor,  Wm.  W.  Folwell,  John 
Hicks. 
The  addresses  of  the  Vice  Presidents  were  given  as  follows  :— 
Vice  President  Rogeus       before  Section  A  at  2.30  p.  m. 
Hitchcock     "  "       E  "  2.30  * 

Hough  "  "       I   •*  2.30  * 

Rowland      "  '*       B  "  4      * 

Bkal  *«  ««       F  **  4      * 

Mason  "  •*       H  **  4      * 

No  addresses  were  glyen  by  the  Vice  Presidents  of  Sections  C,  D,  and  G. 
The  address  of  the  retiring  President,  Dr.  J.  W.  Dawson,  was  given  at 
7.30  p.  M.  in  the  Westminster  Church. 

After  the  address  of  Dr.  Dawson  the  Local  Committee  gave  a  reception 
to  the  Association  in  the  parlors  of  the  Nicollet  House. 

Thursday,  August  16. 

The  Association  met  in  General  Session  at  10  a.  m.,  President  Young 
in  the  chair. 

The  President  announced  that  Section  C  would  hereafter  meet  In  Room 
89  on  the  second  floor  of  the  University  and  that  a  meeting  of  Botanists 
would  be  held  in  the  room  of  Section  F  at  2  p.  m.  on  Thursday. 

The  Local  Committee  gave  notice  that  arrangements  had  been  made  to 
enable  members  of  the  Association  to  visit  the  lumber  and  flouring  mills 
of  Minneapolis  on  Saturday  morning. 

The  same  committee  also  announced  an  excursion  for  members  of  the 
Association  on  Saturday  to  Lake  Park  Hotel  and  Lake  Minnetonka,  via 
the  Minneapolis  and  St.  Louis  railroad,  leaving  Minneapolis  at  11  a.  m. 

A  list  of  twenty-nine  persons  which  the  Standing  Committee  had  rec- 
ommended for  membership  in  the  Association  was  then  read  by  the 
General  Secuetary  and  tliey  were  duly  elected. 

The  following  communications  were  read  by  the  General  Secretary. 
Northwestern  Division  Erie  Telephone  and  Telegraph  Co. 

Minneapolis,  August  14,  1883. 
Prof.  N.  H.  Winciikll,  Secretary  of  the  Local  Committee  for  the  Minn- 
eapolis Meeting: 

Dear  Sir  :  During  the  session  of  your  Association  we  shall  be  pleased 
to  extend  the  service  of  our  local  exchange  to  members  and  guests  and 
would  appreciate  an  inspection  of  our  opcmtlng  department  by  any  of 
your  people. 

Yours  truly, 

Arthur  S.  Temple, 

General  Superintendent* 
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YouNO  Men's  Christian  Associatiok, 
MiNNEAPOus,  Minn.,  Aug.  9,  1888. 
Amrrican  Association  for  the  Advancement  of  Sctencr  : 

Gentlemen  :  We  very  cordially  invite  yoa  to  visit  and  inspect  oar  new 
quarters  In  the  Syndicate  Block  519-521  Nicollet  Avenue,  at  your  leisure 
during  your  sessions  in  our  city.  Our  rooms  are  open  daily  to  visitors 
ftom  9  A.  M.  to  9.30  p.  M.  Tlie  Secretary,  or  his  assistant,  will  cheerfttUy 
give  information  or  show  any  attention  within  his  power. 

Yours  truly, 

H.  E.  Flktchek,  Pres., 
John  H.  Elliott,  Gen.  Secretary. 

The  General  Session  then  adjourned. 

Friday,  August  17. 

The  Association  met  In  General  Session  at  10  a.  m.,  the  Piuesidbnt  in  the 
chair. 

The  General  Secretary  read  a  list  of  thirty  persons  recommended  by 
the  Standing  Committee  for  membership  in  the  Association  and  they  were 
duly  elected. 

The  following  communication  was  read  by  the  General  Secretary 

St.  Paul,  Minn.,  August  15, 1883. 
To  the  President  of  the  American  Assoclltion  foe  the  Advanci- 
MENT  OF  Science. 

Dear  Sir  :  At  the  Meeting  of  the  Board  of  Directors  of  the  St.  Paul 
Chamber  of  Commerce  held  on  the  sixth  instant,  a  resolution  was  adopted, 
appointing  the  gentlemen  whose  names  are  given  l>elow,  looking  to  the 
entertainment  of  your  Association  In  St.  Paul.  We  sincerely  trust  that 
yon  will  give  us  the  pleasure  of  showing  you  our  city  and  beg  you  will 
name  a  day  for  that  purpose. 

Respectfully, 
R.  O.  Sweeny,  Chairman  Special  Committee, 
C.  A.  McNeale,  Secretary. 
Committee  on  Entertainment,  Messrs.  R.  O.  Sweeny,  H.  N.  Elmer, 
P.  A.  Fogg,  H.  A.  Castle,  L.  W.  Rundlbtt. 

By  a  vote  of  the  Association  the  invitation  was  accepted  for  MondAy 
afternoon  August  20;  the  members  of  the  Association  to  leave  East 
Minneapolis  at  two  o'clock. 

Several  announcements  were  made  by  the  Local  Committee. 

In  accordance  with  the  vote  of  the  Standing  Committeb,  the  paper  by 
Dr.  T.  Sterry  Hunt  of  Montreal,  on  a  Classidcatlon  of  the  Natural  Sci- 
ences, was  read,  after  which  the  General  Session  ac^ourned. 

On  Friday  evening,  Prof.  F.  W.  Putnam  of  Cambridge,  Mass.,  gave* 
lecture  illustrated  by  diagrams  and  lantern  pictures,  on  **Altar  Mounds 
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and  their  contents/',  before  a  large  and  highly  interested  audience  in  the 
Chorch  of  the  Redeemer.  The  lantern  was  fUrnished  by  Dr.  E.  P.  How- 
LAKD  of  Washington. 

Saturday,  August  18. 

No  meetings  of  the  Association  were  held  to-day.  During  the  morning 
many  members  of  the  Association  availed  themselves  of  the  privilege  of 
visiting  the  lumber  and  flouring  mills  and  found  much  to  admire  in  the 
wonderful  mechanical  improvements  which  astonished  them  at  every  turn. 

At  11  A.  M.  about  four  hundred  members  of  the  Association  and  guests 
took  an  extra  train  on  the  Minneapolis  and  St.  Louis  R.  R.  for  the  Lake 
Park  Hotel  at  Lake  Minnetonka.  On  arriving  at  the  hotel  they  were  fur- 
nished with  an  excellent  dinner  by  the  Local  Committee.  After  dinner 
the  party  embarked  on  the  steamer  City  of  St.  Louis,  and  made  the  grand 
tour  of  Lake  Minuv-tonka.  Most  of  the  party  landed  at  Cliapman's,  and 
were  highly  edlfled  by  speeches  from  Mr.  D.  Blakely,  the  Hon.  W.  D. 
Washburn  and  the  Hon.  Ignatius  Donnelly.  Returning  by  the  same 
route  the  excursionists  reached  Minneapolis  about  6  p.  m.  highly  pleased 
with  the  zeal  and  skillof  the  Local  Committee,  and  the  beauties  of  Minne- 
tonka. 

Monday,  August  20. 

The  Association  met  in  General  Session  at  10  a.  m.  the  President  in 
the  chair. 

The  General  Secretary  read  a  list  of  twenty-three  persons  recom- 
mended by  the  Standing  Committee  for  membership  in  the  Association, 
and  they  were  duly  elected. 

The  President  announced  that  the  reports  of  Special  Committees  were 
now  in  order. 

The  *'  Committee  on  Weights,  Measures  and  Coinage,"  made  no  report 
and  was  continued. 

The  **  Committee  to  Memorialize  the  Legislature  of  New  York  for  a  new 
survey  of  Niagara  Falls"  made  no  report  and  was  discharged. 

The  **  Committee  on  the  best  methods  of  Science  Teaching  in  the  Public 
Schools"  reported  progress  and  was  continued. 

The  '*  Committee  on  the  Registration  of  Marriages,  Births  and  Deaths," 
made  no  report  and  was  continued. 

The  "  Committee  on  Standard  Time"  reported  that  the  Railway  compa- 
nies had  taken  such  action  as  left  little  for  the  Committee  to  do.  The  com- 
mittee was  discharged. 

The  **  Committee  on  Stellar  Magnitudes  "  reported  progress  and  was 
continued. 

The  "Committee  on  State  Geological  Surveys"  made  no  report  and 
was  discharged. 

The  **  Committee  to  confer  with  committees  of  Foreign  Associations 
for  the  Advancement  of  Science,  with  reference  to  an  International  Con- 
vention of  Scientific  Associations/'  reported  progress  and  was  continued. 
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The  ''Committee  to  confer  with  a  Committee  of  the  British  Association 
for  the  AdvaDcement  of  Science  on  the  Annual  Records  of  Science  "  made 
no  report  and  was  discharged. 

The  *'  Committee  on  indexing  the  Llteratare  of  the  Chemical  Elements 
reported  tlirough  its  Chairman  that  a  paper  reporting  progress  would 
reach  the  Association  before  the  day  fixed  for  adjournment.  The  Com- 
mittee was  continued.  [The  report  was  received  and  is  printed  on  p.  147 
of  this  volume.] 

The  "  Committee  on  a  Primary  Meridiau  and  an  International  Standard 
of  Time  "  made  no  report  and  was  discharged. 

The  **  Committee  on  International  Congress  of  Geologists  **  reported 
progress,  and  was  continued  with  power  to  add  to  its  number. 

The  **  Committee  to  confer  with  the  United  States  Geologist  in  regard 
to  co5peratlon  between  the  Government  and  State  Geological  Surveys," 
reported  progress  tind  was  continued  with  power  to  add  to  its  numl>er. 

The  following  Constitutional  amendment  proposed  at  the  Montreal 
Meeting  was  then  read  and  adopted  by  a  vote  of  the  Association. 
Add  to  Article  7  of  the  Constitution  the  following: — 
"  The  Standing  Committee  shall  have  power  to  exclude  from  the  Asso- 
ciation any  Member  or  Fellow,  on  satisfactory  evidence  that  said  Member 
or  Fellow  is  an  improper  person  to  be  connected  with  the  AssociatioD,  or 
has  in  the  estimation  of  the  Committee  made  improper  use  of  his  mem- 
bership or  fellowship." 

The  following  report  of  the  Committee  on  Interchange  of  courtesies 
between  the  American  and  the  British  Associations  for  the  Advancement 
of  Science,  in  1884,  was  read  by  the  Gkneral  Sbchetary. 
The  Committee  report  the  following  recommendations  :— 
That  a  cordial  invitation  be  extended  to  the  members  of  the  British  As- 
sociation to  attend  the  meeting  of  this  Association,  and  take  part  in  Its 
scientific  proceedings. 

That  in  order  to  facilitate  the  exchange  of  courtesies,  the  meeting  of 
this  Association  for  1884  begin  on  September  3.  [Afterwards  changed  to 
Thursday,  Sept.  4.] 

That  the  committee  on  the  Berlin  Congress  of  Geologists  be  requested 
to  correspond  with  the  officers  of  the  Congress  and  of  the  British  Asso- 
ciation with  the  view  of  arranging  for  such  a  date  as  may  be  suitable  to 
the  delegates  from  the  two  Associations. 

That  a  committee  be  continued  to  attend  to  such  matters  as  may  arise 
in  connection  with  the  meetings  of  the  Associations. 

The  Association  voted  to  accept  the  report  and  to  adopt  the  recom- 
mendations, leaving  the  date  of  the  meeting  to  be  recommended  by  the 
Nominating  Committee. 

The  following  committee  was  appointed  and  continued  in  accordance 
with  the  report:  C.  A.  Young,  J.  P.  Lksley.  J.  W.  Dawson,  T.  Stkbkt 
Hunt,  E.  S.  Morse,  T.  C.  Mkndknhall,  F.  W.  Putnam. 
The  report  of  the  Committee  appointed  to  consider  the  question  of  duty 
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on  scientific  books,  was  then  read.    On  motion  of  Hon.  J.  D.  Cox  It  was 
voted  that  a  committee  of  five  be  appointed  in  accordance  with  the  recom- 
mendations of  the  report  to  present  the  matter  to  Congress. 
The  folio  wing  committee  was  appointed:  H.  A.  Rowland,  C.  A.  Young, 

J.  W.  POWKLL,  J.  D.  Cox,  E.  S.  MORSK. 

The  following  report  of  the  Committee  on  Privileges  of  Members  of  the 
Association,  with  respect  to  meetings,  was  read,  and  adopted  by  vote  of  the 
Association. 

That  every  member  of  the  Association  shall  have  the  privilege  of  regis- 
tering members  of  his  family,  not  including  men  over  twenty-one  years  of 
age,  by  paying  the  sum  of  three  dollars  for  each  person  so  registered,  and 
shall  receive  for  them  specific  badges  which  will  entitle  the  holder  thereof 
to  such  privileges  as  may  be  extended  to  the  members  generally  by  the 
local  committee  for  the  meeting. 

The  Nominating  Committek  were  notified  to  meet  at  the  Nicollet 
House  at  9.30  p.  M.  Monday. 

After  several  announcements  by  the  Local  Committee  a  paper  on  The 
Evidence  for  Evolution,  in  the  History  of  the  Extinct  Mammalia,  was  rend 
by  Prof.  E.  D.  Cope  of  Philadelphia. 

On  the  completion  of  Prof.  Cope's  paper  the  General  Session  adjourned. 

Monday  Afternoon. 

Soon  after  lunch  those  members  of  the  Association  who  accepted  the  In- 
vitation to  visit  St.  Paul  took  a  special  train  of  Chicago,  Milwaukee  and 
St.  Paul  R.  R.  cars  for  the  excui-sion.  The  train  stopped  at  Minnehaha 
Falls  giving  ample  time  to  sec  this  beautiful  and  historic  sheet  of  water, 
and  after  several  consldei-able  delays  the  party  arrived  safe  In  St.  Paul 
where  they  took  carriages  provided  by  tlie  citizens*  committee  and  drove 
to  the  State  House.  Here,  speeches  of  welcome  were  made  by  Mayor 
C.  D.  O'Brien  of  St.  Paul,  Col.  Edward  Daniels  of  St.  Paul  and 
Governor  L.  F.  Hcdbard.  Responses  on  the  part  of  the  Association  were 
made  by  Pres.  C.  A.  Young,  Gen.  J.  D.  Cox  and  Major  J.  W.  Powell. 

The  unexpected  delay  of  the  train  had  deranged  many  of  the  plans  of 
the  St.  Paul  reception  committee,  but  most  of  the  party  were  able  to  see 
a  large  portion  of  the  city  and  reach  the  Metropolitan  and  Merchants* 
Hotels  In  season  for  the  excellent  supper  provided  by  the  reception  com- 
mittee. At  8.30  P.  M.,  the  return  train  left  St.  Paul  and  soon  reached 
Minneapolis  without  delay  or  accident. 

On  Monday  evening,  at  Plymouth  Church,  an  illustrated  lecture  on  The 
Fish  and  Fisheries  of  the  United  States,  was  given  by  Mr.  C.  W.  Smiley 
of  the  Smithsonian  Institution.  The  lantern  illustrations  were  by  Dr. 
E.  P.  HowLAND  of  Washington,  D.  C. 

Tuesday,  August  21. 
The  Association  met  in  General  Session  at  10  a.  m.,  the  President  In 
the  chair. 
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A  list  of  twenty  persons  recommended  by  the  Standing  Committkk  for 
membership  in  the  Association  was  read  by  the  Geneual  Secretary  and 
they  were  duly  elected. 

The  following  list  of  members  recommended  by  the  Standing  Com- 
mittee to  be  Fellows  of  the  Association  was  then  elected  by  ballot. 
Abbott,  Dr.  Chas.  C,  Trenton,  N.  J.  (29). 
Anderson,  Rev.  Joseph,  Waterbury,  Conn.  (29). 
Arthur,  J.  C,  Charles  City,  Iowa  (21). 

Ashburncr,  Charles  A.,  907  Walnut  St.,  Philadelphia,  Pa.  (31). 
Barnard,  Edward  E.,  Nashville,  Tenn.    (26). 
Bartlett,  Prof.  Edwin  J.,  Dartmouth  Coll.,  Hanover,  N.  J.  (28). 
Bausch,  Edward,  Rochester,  N.  Y.  (26). 
Billings,  Dr.  John  Shaw,  Washington,  D.  C.  (32). 
Blackhara,  Dr.  George  E.,  Dunkirk,  N.  Y.  (25). 
Burr,  Prof.  William  H.,  Troy,  N.  Y.  (31). 

Carpmael,  Charles,  Director  of  Magnetic  Observatory,  Toronto,  Can.  (31). 
Case,  Col.  Theo,  S.,  Kansas  City,  Mo.  (27). 
Chandler,  Prof.  Chas.  Henry,  Ripon,  Wis.  (28). 

Clapp,  Miss  CorneliaM.,  Mt.  Holyoke  Seminary,  South  Hadley,Mass.  (31). 
Crandall,  Prof.  A.  R.,  Lexington,  Ky.  (29). 
Curtis,  Dr.  Lester,  1558  Wabash  avenue,  Chicago,  III.  (29;. 
Davenport.  B.  F.,  M.  D.,  751  Tremont  St.,  Boston,  Mass.  (29). 
Dorsey,  Rev.  Jas.  O.,  Bureau  of  Ethnology,  Washington,  D.  C.  (31). 
Dudley,  Prof.  Wm.  R.,  Ithaca,  N.  Y.  (29). 

Eaton,  Hon.  John,  U.  S.  Commlss'r  of  Education,  Washington,  D-  C.  (25). 
Fairchild,  II.  L.,  153  E.  47th  St.,  New  York,  N.  Y.  (28). 
Fernald,  Prof.  M.  C,  State  Agricultural  College,  Orouo,  Me.  (22). 
Fletcher,  Miss  Alice  C,  care  Peabody  Museum,  Cambridge,  Mass.  (29;. 
Fletcher,  James,  Library  of  Parliament,  Ottawa,  Can.  (31). 
Freeman,  Spencer  H.,  Cleveland,  Ohio  (29). 
French,  Prof.  Thomas,  jr.,  Urbana,  Ohio  (SO). 

Gallaudet,  Edw.  M.,  Pres.  Nat.  Deaf  Mute  College,  Washington,  D.  C.  (28). 
Gray,  Dr.  Elisha,  Highland  Park,  III.  (32). 

Gulley,  Prof.  Frank  A.,  Agricultural  College,  Oktibbeha  Co.,  Miss.  (SO). 
Hall,  Prof.  C.  W.,  Univ.  of  Minnesota,  Minneapolis,  Minn-  (28). 
Halsted,  Byron  D.,  245  Broadway,  New  York,  N.  Y.  (29). 
Hanaman,  C.  E.,  Troy,N.  Y.  (19). 

Hardy,  Prof.  A.  S.,  Dartmouth  College,  Hanover,  N.  H.  (28). 
Holman,  Silas  W.,  Mass.  Inst,  of  Technology,  Boston,  Mass.  (31). 
Holmes,  Wm.  H.,  Smithsonian  Institution,  Washington,  D.  C.  (30). 
Hosea,  Lewis  M.,  Johnston  Building,  Cincinnati,  Ohio  (30). 
Hotchklss,  Jed.,  Staunton,  Va-  (81). 
Hovey,  Rev.  H.  C,  New  Haven,  Conn.  (29). 
Jordan,  Prof.  David  S.,  Bloomlngton,  Ind.  (31). 
Kellicott,  David  S.,  Buffalo,  N.  Y.  (31). 
Kershner,  Prof.  Jefferson  E.,  Lancaster  City,  Pa.  (29). 
Kiunlcutt,  Dr.  Leonard  P.,  Worcester,  Mass.  (28). 
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Kunz,  G.  P.,  care  Tlfltony  &  Co.,  New  York,  N.  Y.  (29). 

Landreth,  Prof.  Olln  H.,  Vanderbllt  Univ.,  Nashville,  Tenn.  (28). 

Larkin,  Edgar  L.,  New  Windsor,  Mercer  Co.,  III.  (28). 

Mackintosh,  James  B.,  School  of  Mines,  Columbia  Coll.,  New  York  (27). 

Moses,  Prof.  Thos.  F.,  Urbana  University,  Urbana,  Ohio  (25). 

Osbom,  Henry  F.,  S.  D.,  Garrisons,  N.  Y.  (29). 

Payne,  Prof.  Wm.  W.,  Carleton  College,  Northfleld,  Minn.  (SO). 

Pickering,  Wm.  H.,  Si  Mt.  Vernon  St.,  Boston,  Mass.  (29). 

Robinson,  Prof.  S.  W.,  Univ.  of  Ohio,  Columbus,  Ohio  (30). 

Bockwell,  Chas.  H.,  Box  293,  Tarrytown,  N.  Y.  (28). 

Bosenspltz,  Dr.  Alexander,  Babbl,  Lock  Box  430,  Portland,  Oregon  (26). 

Smiley,  Charles  W.,  Smithsonian  Institution,  Washington,  D.  C.  (28). 

Smith,  Edwin,  Ass*t  U.  S.  Coast  and  Geodetic  Survey,  Washington, 

D.  C.  (30). 
Upton,  Winslow,  Army  Signal  Office,  Washington,  D.  C.  (29). 
Walmsley,  W.  II.,  1016  Chestnut  St.,  Philadelphia,  Pa.  (28). 
Webb,  Prof.  J.  Burkltt,  Ithaca,  N.  Y.  (31). 
Wheeler,  Prof.  C.  G.,  Univ.  of  Chicago,  Chicago,  111.  (18). 
Whiting,  Miss  Sarah  F.,  Wellesley  College,  Wellesley,  Mass.  (81). 

The  President  announced  that  the  time  had  arrived  for  selecting  the 
place  of  meeting  for  1884  and  that  the  Nominating  Commttteb  had  rec- 
ommended the  city  of  Philadelphia. 

The  following  Invitation  from  men  of  science  and  from  corporate  bodies 
in  Philadelphia  was  then  read  :— 

Philadelphia,  August  1,  1883. 
To  the  Presidbnt,  Officers  and  Mebcbbrs  of  the  American  Asso- 
ciation FOR  THE  Advancement  of  Science  : 

Gentlemen  :  The  undersigned  being  severally  authorized  to  represent 
the  institutions,  corporations,  etc.,  set  opposite  their  names,  or  Joining 
heartily  with  the  former  in  their  Individual  capacity  as  citizens  of  Phila- 
delphia, do  hereby  cordially  invite  your  honorable  body  to  hold  the 
thirty-third  session  of  the  American  Association  for  the  Advancement  of 
Science,  for  1884,  in  the  city  of  Philadelphia. 

Prof.  H.  Carvill  Lewis,  Prof.  Edward  D.  Cope,  Dr.  Perslfor  Fraxer, 
Prof.  Angelo  Hellprln,  Rev.  Henry  C.  McCook,  D.  D. ;  Committee  ap- 
pointed by  the  Academy  of  Natural  Sciences  of  Philadelphia. 

Daniel  G.  Brlnton,  M.  D.,  Prof.  George  F.  Barker,  M.  D.,  Prof.  J.  Peter 
Lesley,  Henry  Phillips,  jr.,  Wm.  Morris  Davis,  Esq. ;  Committee  appointed 
by  the  American  Philosophical  Society. 

Wm.  P.  Tatham,  Esq.,  Alex.  E.  Outerbrldgc,  Jr.,  Prof.  Edwin  J. 
Houston,  Coleman  Sellers,  Esq.,  Wm.  H.  Wahl,  Ph.  D. ;  Committee  ap- 
pointed by  the  Franklin  Institute. 

Prof.  Wm.  Pepper,  M.  D.,  Provost  of  the  University,  Prof.  Joseph 
Leldy,  M.  D.,  President  of  the  Acad,  of  Nat.  Sciences,  S.  Weir  Mitchell, 
M.  D.,  Hon.  John  Welsh,  William  Sellers,  Esq. ;  On  behalf  of  the  Univer- 
sity of  Pennsylvania. 
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Isaac  Lea,  JLL.  D.,  John  L.  LeConte,  M.  D.,  Prof.  Geo.  F.  Barker, 
M.  D. ;  Fx- Presidents  A.  A.  A,  S. 

Hon.  Samuel  G.  King,  Mayor  of  the  city  of  Philadelphia. 

Hon.  Wm.  Henry  Lex,  President  of  the  Common  Council  of  PhiUtdelpkia. 

Edward  T.  Steel,  Esq.,  President  of  the  Board  of  Education, 

Prof.  L.  M.  Haupt,  Thos.  C.  Clarke,  Esq.,  Frederic  Graff,  Esq.,  Strick- 
land Eneass,  Esq.,  Rudolph  Hcring,  Esq. ;  Committee  appointed  by  the  En- 
gineers' Club  of  Philadelphia, 

Henry  C.  Lea,  Esq.,  J.  G.  Hosengarten,  Esq.,  Wm.  A.  Ingham,  Esq., 
Thos.  Cochran,  Esq.,  Edward  R.  Wood,  Esq. ;  On  behalf  of  the  PhUadel' 
phia  Social  Science  Association. 

Right  Rev.  Wm.  Bacon  Stevens ;  Bishop  of  Pennsylvaniay  President  of 
the  Board  of  Trustees  of  the  Philadelphia  Divinity  School t  President  of  Ute 
Protestant  Episcopal  Hospital,  President  of  the  University  Club. 

Horace  Howard  Farness,  Esq.,  President  of  the  Penn  Club, 

Prof.  Roberts  Bartholow,  M.  D.,  LL.  D.,  Dean  of  the  Faculty  of  the 
Jefferson  Medical  College  of  Philadelphia, 

Prof.  Edward  H.  Magill,  President  of  SrJoarthmore  College, 

Prof.  Geo.  J.  Ritchfe,  PresidetU  Central  High  School. 

Prof.  A.  H.  Fctterolf,  President,  Prof.  II.  D.  Gregory,  Vice-President, 
Girard  College, 

Prof.  C.  N.  Peirce,  D.  D.  S.,  Dean  of  the  Pennsylvania  College  of 
Dental  Surgery. 

James  L.  Claghom,  Esq.,  President  Pennsylvania  Academy  of  Fine  Arts, 
President  of  the  School  of  Design. 

John  L.  Le  Conte,  M.  1).,  President  American  Entomological  Society, 

Lloyd  P.  Smith,  Esq.,  Librarian,  Library  Co.  of  Philadelphia, 

T.  Morris  Perot,  Esq.,  President  of  the  Mercantile  Library  Co. 

George  H.  Boker,  President,  and  Samuel  B.  Hney,  Secretary  of  the 
Union  League  of  Philadelphia. 

Thomas  Chase,  LL.  D.,  President  of  Haverford  College. 

George  W.  Childs,  Esq.,  Editor  of  the  Public  Ledger, 

Hon.  A.  W.  Tourgee,  Esq.,  Editor  of  the  Continent, 

Col.  A.  Loudon  Snowdon,  Superintendent  U.  S.  Mint. 

Gen.  H.  S.  Huidekoper,  Postmaster  at  Philadelphia. 

Prof.  F.  V.  Hayden,  M.  D.,  LL.  1).,  U.  S,  Geological  Survey, 

Franklin  B.  Gowen,  Esq.,  President,  and  Albert  Foster,  Esq.,  Secretary 
of  the  Philadelphia  and  Beading  Bailroad  Company. 

John  C.  Sims,  jr.,  Esq.,  Secretai*y  Pennsylvania  Bailroad, 

A.  J.  Drcxel,  Esq.,  John  Wanamaker,  Esq.,  Geo.  Whitney,  Esq.,  Moro 
Phillips,  Esq.,  James  A.  Wright,  Esq. 

The  President  said  that  a  formal  invitation  had  been  received  ftom 
New  Tork  but  considering  the  prior  action  of  the  Philadelphia  people  the 
New  York  claim  was  not  urged. 

A  vote  was  taken  on  the  selection  of  the  place  of  meeting  in  1884,  and 
Philadelphia  was  chosen  unanlmoosly. 
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The  time  of  meeting  was  fixed  for  the  third  of  September,  with  the  pro- 
viso, that  the  retiring  and  incoming  Presidents  and  Permanent  and  General 
Secretaries  for  1883  and  1884  should  be  empowered  to  change  the  date  if 
they  deem  it  desirable.  [This  committee  has  foand  It  desirable  to  change 
the  date  to  Thursday,  Sept.  4.] 

The  Gbneral  Secretahy  read  the  list  of  Fellows  recommended  by  the 
Nominating  Committee  for  officers  of  the  meeting  to  be  held  In  1884,  and 
they  were  elected  by  a  unanimous  vote  of  the  Association.  The  list  Is  as 
follows  :— 

President :  J.  P.  Lesley,  of  Plilladelphla. 

Vice  Presidents ;  A  —  H.  T.  Eddy  of  Cincinnati ;  B  —  John  Trowbridge 
of  Cambridge ;  O  —  John  W.  Langley  of  Ann  Arbor ;  D  —  R.  H.  Thurs- 
ton of  Hoboken ;  B  —  N.  H.  Winchell  of  Minneapolis ;  F  —  E.  D.  Cope 
of  Philadelphia;  Q— T.  G.  Wormley  of  Philadelphia;  H  — E.  S.  Morse 
of  Salem;  I  — John  Eaton  of  Washington. 

Permanent  Secretary :  F.  W.  Putnam  of  Cambridge. 

General  Secretary :  Alfred  Springer  of  Cincinnati. 

Assistant  General  Secretary :  Edward  S.  Holden  of  Madison. 

Secretaries  of  the  Sections :  A—  G.  W.  Hough  of  Chicago ;  B—  N.  D.  C. 
Hodges  of  Salem ;  O—  R.  B.  Warder  of  North  Bend ;  D—  J.  Burkitt 
Webb  of  Ithaca;  B—  Eugene  A.  Smith  of  Tuscaloosa;  F—  C.  E.  Bessey 
of  Ames;  Q— Romyn  Hitchcock  of  New  York;  H— W.  H.  Holmes 
of  Washington ;  I —  C.  W.  Smiley  of  Washington. 

Treasurer:  William  Lilly  of  Manch  Chunk. 

After  announcements  by  the  Local  Committee  the  Greneral  Session  ad- 
journed. 

On  Tuesday  evening  the  Rev.  H.  C.  Hovey  of  New  Haven,  Ct,  deliv- 
ered an  Interesting  lecture,  with  lantern  Illustrations,  on  Subterranean 
Sceneiy  of  the  Great  Caverns  of  the  World,  to  a  full  audience  In  Plymouth 
Church.    Dr.  Howland  also  provided  the  lantern  on  this  occasion. 

Wednesday,  August  22. 

The  Association  met  In  General  Session  at  10  a.  m.,  the  President  In 
the  chair. 

The  General  Secretary  read  a  list  of  eight  persons  recommended  by 
the  Standing  Committee  for  membership  in  the  Association,  and  they 
were  duly  elected. 

The  General  Secretary  announced  that  the  Standing  Committee  had 
adopted  the  following  rule  in  regard  to  papers  presented  for  reading  be- 
fore the  various  Sections.  »*  Hereafter  no  paper  will  be  accepted  by  the 
Standing  Committee  for  reading  before  any  of  the  sections,  unless  accom- 
panied by  such  abstract  as  the  writer  deems  ready  for  publication.** 

The  report  of  the  *<  Committee  on  Indexing  the  Literature  of  the  Chem- 
ical Elements"  was  then  read  by  the  General  Sbcrbtaby.    [See  p.  147.] 
The  Permanent  Sbgrbtart  announced  that  a  lady  member  of  the  Asso- 
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elation  had  that  morning  placed  $150  In  his  hands  for  the  nse  of  the  As- 
sociation. He  said  that  the  same  generous  lady  had  made  a  gift  of  $8G0 
at  the  last  meeting,  thus  making  $1000  In  all.  These  gifts  were  condi- 
tioned on  the  non-publication  of  the  name  of  the  donor  during  the  meet- 
ing, and  the  Association  expressed  its  gratitude  to  Its  modest  benefactor 
by  a  hearty  round  of  applause. 

The  PiiKSiDENT  announced  that  a  popular  lecture  **  On  the  Theory  of 
Evolution  in  Modern  Science,"  would  be  given  by  Prof.  E.  D.  Copk,  at  the 
Church  of  the  Redeemer,  on  Wednesday  evening,  by  request  of  a  number 
of  citizens  of  Minneapolis. 

The  regular  business  of  the  Session  having  been  completed,  Prof.  E.  T. 
Cox,  addressing  the  Chair,  said : 

In  presenting  the  following  resolution,  I  desire  to  say  that,  only  those 
who  have  had  some  experience  in  providing  for  the  entertainment  of  the 
American  Association  for  the  Advancement  of  Science  can  ftiUy  understand 
the  labor  and  responsibility  which  rests  upon  the  Local  Committee,  and  I 
am  sure  that  all  will  agree  with  me  that  these  duties  have  been  satlsfJawito- 
rily  administered  here  In  this  beautiful  and  marvellously  prosperous  city 
of  Minneapolis.  There  has  been  no  confusion  or  clashing  of  views,  but 
every  effort  has  been  successfully  directed  to  administer  to  our  wants  and 
make  our  stay  as  pleasant  as  possible.  Most  fully  have  we  enjoyed  the 
generous  hospitality  so  heartily  tendered  by  the  Local  Committee  and 
citizens,  and  returning  to  our  homes  will  bear  with  us  an  enduring  mem- 
ory of  their  kind  efforts  in  our  behalf. 

Besolved^  That  the  thanks  of  this  Association  are  hereby  tendered  to 
the  Local  Coinralttee,  Hon.  Gko.  A.  Pillsbury,  Prof.  N.  H.  Wixchell, 
Dr.  Elliot  and  Mr.  D.  Blakkly,  and  to  the  Citizens  of  Minneapolis,  for 
the  very  handsome  and  generous  manner  in  which  they  have  provided  for 
our  comfort  and  convenience,  and  for  the  cordial  reception  which  we 
have  received  at  their  hands. 

The  resolution  was  unanimously  and  enthusiastically  adopted. 

Prof.  Charles  II.  Hitchcock  presented  the  following,  which  was  duly 
endorsed  by  the  Association. 

liesolved,  That  the  thanks  of  the  American  Association  for  the  Ad- 
vancement of  Science  Is  hereby  unanimously  tendered  to  the  Regents  of  the 
University  of  the  State  of  Minnesota  for  the  use  of  their  buildings  and 
the  appliances  connected  therewith  for  the  meetings;  also  to  the  Presi- 
dent, Dr.  Folwkll,  for  his  constant  effort  to  promote^  the  success  of  our 
gatherings,  and  to  the  other  offlcera  of  the  institution,  and  especially  to 
Mr.  Gallow,  the  janitor  and  carpenter,  for  his  many  kind  attentions  to 
the  officers  and  members. 

Principal  Dawson,  of  Montreal,  after  a  complimentary  allusion  to  Min- 
neapolis and  Lake  Minnetonka,  offered  a  resolution  of  thanks  to  Hon.  W.  D. 
Washburn  and  the  Minneapolis  &  St.  Louis  Railroad  Company  for  the 
excursion  to  the  lake,  which  he  characterized  as  one  of  the  pleasant 
events  In  the  history  of  the  Association.  He  said  the  visit  to  the  North- 
west had  been  a  revelation  to  most  of  the  members,  who  found  that  they 
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had  very  Inadequate  and  unworthy  conceptions  of  the  great  and  growing 
section. 

Dr.  T.  Sterrt  Hunt  complimented  the  citizens  of  Minneapolis  and  of  St. 
Paul  on  the  liberality  of  their  railroad  companies,  and  moved  a  vote  of 
thanks  to  Gen.  W.  D.  Washburn  for  the  use  of  the  steamer  St.  Louis  for 
the  excursion  on  Lake  Minnetonka  and  to  all  the  companies  who  had  ex- 
tended 80  many  and  so  acceptable  favors  to  the  Association.  He  intended 
to  include  all  the  companies,  but  there  were  so  many  of  them  that  he 
would  crave  pardon  for  not  knowing  all  their  names.  Dr.  Hunt  made 
several  compllmeutary  allusions  to  St.  Paul  and  warmly  thanked  the  citi- 
zens for  the  reception  tendered  by  that  city. 

The  vote  of  thanks  was  unanimously  given. 

Dr.  Stephen  D.  Peet  made  a  happy  allusion  to  the  race  between  elec- 
tricity and  thought,  which  had  been  brought  on  by  the  wonderful  achieve- 
ments in  the  "  chaining  of  lightning,'*  and  concluded  by  offering  a  vote  of 
thanks  to  the  Telegraph  and  Telephone  companies  for  their  contributions 
to  the  convenience  of  the  members. 

The  vote  was  heartily  given. 

Prof.  C.  V.  Riley,  after  some  complimentary  remarks  in  regard  to  the 
ability  and  vigor  of  the  whole  press  of  the  cities  of  Minneapolis  and  St. 
Paul,  and  of  the  accuracy  manifested  in  their  printed  reports  of  this 
meeting,  presented  the  following  resolution  which  was  unanimously 
adopted. 

Besolvedy  That  the  thanks  of  the  Association  are  especially  due  to  the 
Tribune  of  Minneapolis  and  the  Pioneer  Press  of  St.  Paul  for  the  care- 
fully prepared  reports  they  have  made  of  the  several  proceedings  of  this 
meeting  and  of  the  papers  read  In  the  different  sections;  and  to  all  the 
newspapers  of  both  cities  for  the  efforts  they  have  put  forth  in  the  service 
of  the  Association,  in  forwarding  its  work  and  In  making  its  session  in 
Minneapolis  alike  profitable  and  agreeable. 

The  Permanent  Secretary  announced  that  the  Standing  Committee 
had  voted  copies  of  the  proceedings  and  papers  to  each  of  the  academies 
of  science  in  Minneapolis  and  St.  Paul,  to  complete  their  series. 

Mr.  D.  Blakely,  of  the  Local  Committee,  announced  that  the  St. 
Paul  and  Duluth  Railroad  Company  and  the  corporation  of  Taylor's  Falls 
would  give  a  free  excursion  and  entertainment  to  such  members  of  the 
Association  as  might  wish  to  see  the  Dalles  of  the  St.  Croix.  A  large 
number  of  the  members  expressed  their  desire  to  accept  the  invitation. 
On  motion  of  Dr.  T.  Sterry  Hunt  the  Association  passed  a  vote  of  thanks 
to  the  St.  Paul  and  Duluth  Railroad  Company,  and  to  the  citizens  of  Tay- 
lor's Falls,  for  their  generous  invitation. 

Mr.  George  A.  Pillsbury,  chairman  of  the  Local  Committee,  thanked 
the  Association  for  the  expressions  of  gratitude  and  appreciation.  He 
said  he  hardly  thought  the  Committee  deserved  the  compliments  that  had 
been  showered  upon  them.  He  could  say,  however,  that  It  bad  afforded 
Mimieapolis  real  pleasure  to  have  the  honor  of  entertaining  the  Asso- 
ciation, and  that  it  had  been  the  intention  of  her  citizens  to  make  every 
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possible  provision  for  the  proper  reception  of  the  distinguished  guests. 
We  feel  that  we  have  failed  to  fulfli  our  desire  and  your  expectations. 
There  has  been  some  friction  and  misunderstanding,  and  moreover  our 
business  men  have  been  so  occupied  with  their  pressing  enterprises  that 
they  have  not  had  time  to  give  to  the  meetings  the  attention  they  deserved 
and  would  otherwise  have  received.  We  have  had  no  Jealous  feeling  to- 
ward St.  Paul  and  would  greatly  regret  that  any  suspicion  of  a  manifesta- 
tion of  a  bitter  and  unwarranted  rivalry  should  have  been  aroused.  The 
two  cities  are  really  one.  Minneapolis  is  proud  of  St.  Paul  and  rejoices 
at  her  prosperity. 

Mr.  Pillsbury  alluded  to  the  many  important  matters  that  are  now  en- 
grossing the  attention  of  Mlnneapolitans,  mentioning  especially  the  new 
Sault  Ste.  Marie  railroad  project.  lie  said  Minneapolis  was  thoroughly 
In  earnest  In  this  matter  and  was  bound  to  accomplUh  the  end  sought 
He  concluded  by  calling  on  Dr.  Wm.  W.  Folwell  to  respond  fhrther  to  the 
resolutions  offered. 

Professor  Folwkll  said  on  behalf  of  the  Regents  and  Faculty  of  the 
University,  that  they  had  simply  been  glad  and  proud  of  the  opportunity  of 
placing  the  buildings,  library  and  collections  at  the  disposal  of  the  Asso- 
ciation. They  would  be  content  to  have  every  plank  In  the  floors  worn  out 
by  the  tread  of  the  members'  feet.  To  be  worn  out  In  good  service  Is  the 
true  end  of  men  and  materials.  He  spoke  of  the  faithful  labors  of  Profes- 
sor N.  H.  Winchell  upon  whom  as  Secretary  of  the  Local  Committee  had 
necessarily  fallen  the  main  burden  of  making  the  arrangements  for  the 
meeting,  and  remarked  upon  the  flue  sense  of  the  mover  of  the  resolution, 
in  recognizing  the  valuable  services  of  the  '*  professor  of  dost  and  ashes,** 
Mr.  Gallow,  on  whose  behalf  he  begged  to  return  thanks. 

He  begged  the  members  not  to  regard  him  as  speaking  these  last  words 
In  a  mere  formal,  mechanical  fashion.  During  this  session  many  former 
friendships  had  been  cemented,  many  new  ones  formed.  All  human  rela- 
tions are  vain  and  weak  except  so  far  as  they  rest  on  a  basis  of  true  friend- 
ship. Hereafter  the  people  of  Minneapolis  would  remember  the  members 
of  this  Association,  not  merely  as  a  body  of  great  astronomers,  biologists, 
chemists  and  geologists,  but  as  a  congregation  of  their  warm-hearted 
happy  fk'lends.  His  parting  words  In  their  behalf  then  were  simply,  *'  Dear 
friends,  good-bye.*' 

Prof.  N.  U.  Winchell  was  called  for  and  responded  briefly,  expressing 
gratitude  for  compliments  and  saying  that  he  hoped  the  AssocUtioB  felt 
what  it  had  formally  said,  that  the  meeting  had  been  a  success.  He 
invited  the  Association  to  meet  In  Minneapolis  again  after  twenty-five 
years,  as  It  did  at  Montreal, and  promised  them  that  they  would  see  a  city 
of  1,000,000  Inhabitants  and  the  University  grounds  covered  with  cosUy 
buildings. 

Gen.  Nettlbton  followed  Prof.  Winchell  with  a  word  upon  the  relation 
of  Journalism  and  science.  He  said  he  didn't  know  how  the  men  of 
science  would  get  the  results  of  their  researches  before  the  public, were 
It  not  for  the  press,  which  presents  them  to  its  great  audience  in  interest* 
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ing,  popular  form.  The  newspaper  donbtless  gives  some  misinformation 
in  connection  with  a  great  deal  of  information,  but  it  must  be  credited 
with  doing  valuable  service  to  science.  He  commented  upon  the  refer- 
ence made  by  a  member  to  the  cosmopolitan  character  of  the  newspapers 
of  the  Northwest,  and  explained  it  by  the  fact  that  the  thinking  people 
who  had  settled  here  would  not  tolerate  any  Journalism  such  as  is  apt  to 
be  found  In  new  sections.  He  said  it  seemed  out  of  place  for  one  who 
did  not  know  a  triloblte  from  a  hypothesis  to  attempt  to  address  such  an 
audience  In  any  capacity,  and  concluded  by  emphasizing  the  remarks 
made  as  to  the  honor  which  Minneapolis  felt  had  been  conferred  upon  her 
by  the  assembling  here  of  the  American  Association  for  the  Advancement 
of  Science. 

Mr.  D.  Blakkly  of  the  Local  Committee  warmly  endorsed  what  his 
predecessors  had  said  about  tlie  feeling  of  the  citizens  of  Minneapolis. 
He  said  St.  Paul  and  Minneapolis  were  one  and  Indivisible,  like  the  states 
of  the  Union,  and  each  ought  to  glory  in  the  prosperity  of  the  other.  He 
invited  the  association  to  come  again,  and  predicted  that  the  members 
would  hardly  know  the  twin  cities.  This  city  will  then  be  a  Philadelphia, 
and  be  able  to  extend  you  such  a  welcome  as  you  expect  to  get  next  year. 

Mr.  Thomas  Lowry,  President  of  the  Street  Railway  Companies,  res- 
ponded to  the  resolutions  thanking  the  companies  under  his  direction,  in 
a  humorous  speech  in  which  he  alluded  to  the  rarity  of  thanks  received 
by  the  management  of  street  railways,  for  in  his  experience  complaints 
were  the  rule  and  were  presented  with  the  highest  zeal,  while  thanks 
were  the  exception  and  most  highly  prized. 

The  President  said  that  the  time  for  closing  the  sessions  of  the  thirty- 
second  annual  meeting  of  the  Association  had  arrived ,  and  he  accordingly 
pronounced  the  Association  adjourned  to  meet  In  1884  In  Philadelphia. 

The  last  excursion  In  connection  with  the  Minneapolis  meeting  was 
made  on  August  24,  by  about  two  hundred  and  forty  members  and  friends 
to  Taylor's  Falls  for  a  view  of  the  Dalles  of  the  St.  Croix  River.  The  St. 
Paul  and  Duluth  R.  R.  Co.  offered  the  courtesies  of  their  road  and  the  at- 
tention and  zeal  of  the  officials  of  that  Company,  and  the  cordial  hospi- 
tality of  the  citizens  of  Taylor's  Falls  combined  to  make  the  excursion  a 
fitting  close  to  the  enjoyable  entertainments  so  fhlly  extended  to  the 

members  of  the  Association. 

J.  R.  Eastman, 

General  Secretary. 

NOTK. 

By  accident  the  following  paragraph  was  omitted  ftom  the  Report  of 
the  General  Secretary  for  the  Montreal  Meeting : 

Major  L.  A.  Huguet  Latour,  M.A.,  N.P.,  of  Montreal,  was  received  at 
the  Montreal  Meeting  as  a  duly  accredited  delegate  ftom  the  ^tXvXoyc^,  q 
tokkoyo^  itapva<T<To^  (Literary  Society,  *♦  The  Parnassus).** 

This  Society  has  sent  to  the  Association  thirteen  scientific  books, 
written  by  several  of  its  members. 

Fermanent  Secretary. 
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For  the  third  time  the  Association  has  held  a  meeting  on  the  western 
side  of  the  Mississippi,  thus  aclwnowledging  the  claims  of  the  western 
members  and  giving  its  aid  to  their  efforts  for  the  progress  of  science. 
As  was  expected,  however,  the  great  distance  of  Minneapolis  ft-om  the 
homes  of  the  majority  of  the  members,  and  the  lack  of  concessions  in  fares 
on  the  part  of  most  of  the  railroad  companies,  made  it  impossible  for  many 
of  the  members  to  attend  the  meeting,  and,  although  the  register  shows 
the  number  in  attendance  to  be  twice  tliat  at  Dubuque  or  St.  Louis,  it  was 
by  far  the  smallest  attendance  at  any  meeting  of  late  years. 

While  it  must  be  admitted  that  all  parts  of  the  country  have  claims 
upon  the  Association  which  should  be  respected,  tlie  question  of  greatest 
good  to  the  cause  for  which  it  was  founded  should  be  carefully  considered 
in  accepting  Invitations  from  places  far  away  from  the  residences  of  the 
majority  of  the  members ;  not  that  large  numbers  are  essential  to  a  suc- 
cessful meeting  if  the  working  members  and  those  to  whom  we  look  for 
guidance  and  encouragement  in  scientific  efforts  are  present.  In  this  last 
respect  the  Minneapolis  meeting  was  a  success  and  the  good  Influence 
which  the  meeting  exerted  upon  the  young  Institutions  of  the  rapidly 
growing  city  is  not  to  be  questioned,  while  the  encouragement  It  gave  to 
the  workers  In  science  In  the  great  Northwest  was  unquestionably  grati- 
fying to  them.  The  only  problem  to  be  studied,  suggested  by  the  late 
meeting,  Is  how  to  bring  about  a  proper  appreciation  of  the  work  of  the 
Association  on  the  part  of  the  managers  of  the  great  railroad  lines  of  the 
country,  by  which  half  rates  of  fare  can  be  secured  for  all  Aiture  meetings ; 
a  concession  which  it  seeuLS  probable  would  be  granted  if  the  managers 
of  the  railroads  fully  understood  the  character,  objects,  and,  above  all  to 
them,  the  important  influence  which  the  meetings  of  the  Association  have 
on  the  development  of  the  natural  resources  of  the  country  and  in  uniting 
the  people  into  a  strong,  codperative  nationality.  The  recent  railroad 
arrangements  and  liberal  government  grants  made  by  Canada,  In  connec- 
tion with  the  coming  meeting  of  the  British  Association  at  Montreal, 
show  that  these  points  are  appreciated  by  the  Canadian  authorities,  and 
it  seems  hardly  possible  that  they  should  not  be  understood  on  this  side 
of  the  border.  With  the  great  distances  to  be  travelled  in  this  country, 
It  is  evident  that  In  order  to  give  the  whole  country  the  benefit  of  the 
influences  of  the  Association  the  sclentlflc  workers  should  be  able  to 
attend  the  meetings  without  too  great  a  drain  on  their  limited  means. 

The  register  of  the  Minneapolis  meeting  contains  328  names  of  persons 
regularly  in  attendance  at  the  meeting,  as  follows :    From  Minnesota  60, 

(493) 
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Illinois  88,  Ohio  29,  New  York  29,  Missouri  28,  Massachusetts  21,  District 
of  Columbia  20,  Iowa  18,  PeDDsylyania  17,  Wisconsin  11,  Indiana  8,  Michi- 
gan 7,  New  Jersey  6,  Canada  6,  Connecticut  4,  Maryland  4,  Kentucky  4, 
Kansas  4,  Louisiana  8,  New  Hampsiilre  2,  Vermont  8,  Texas  2,  Nebraska 
2,  Rhode  Island  1,  Delaware  1,  Tennessee  1,  Mississippi  1,  Alabama  1, 
Dakota  1,  Oregon  1,  «  828. 

One  hundred  and  eighty- six  peraous  were  elected  members,  of  whom 
one  hundred  and  twenty-nine  have  accepted  and  paid  their  fees,  two  hare 
declined,  and  fifty- five  have  not  yet  replied  to  notices  sent  them. 

Fifty-nine  members  were  made  fellows,  of  whom  all  but  eight  have 
accepted. 

Since  the  list  was  printed  in  the  Montreal  volume,  notice  has  been 
received  of  the  death  of  20  members.  The  names  of  these,  including 
one  original  member  and  past  president,  are  given  on  p.  476.  Since  the 
Minneapolis  meeting  two  other  past  presidents  have  died  :— Dr.  J.  L.  Le- 
Conte  and  Dr.  J.  Lawrence  Smith.  Since  the  Montreal  list  22  members 
have  resigned  and  2  have  been  dropped  ft*om  the  list  on  account  of  arrear- 
ages. During  the  same  period  11  names  have  been  restored,  and  one 
patron  has  been  added  to  the  list. 

The  total  number  of  names  now  on  the  roll  of  members  and  fellows  is 
2028,  a  gain  of  101  since  the  Montreal  volume  was  printed. 

With  the  exception  of  the  vice  president  elect  of  Section  D,  and  the 
secretaries  elect  of  Sections  B,  D,  and  I,  all  the  oflScers  were  present,  as 
were  also  three  past  presidents. 

The  presidential  address,  and  the  addresses  of  six  vice  presidents  de- 
livered at  the  meeting,  are  printed  in  this  volume.  The  address  of  vice 
president  of  Section  I  delivered  at  the  Montreal  meeting  is  also  printed 
in  this  volume. 

One  hundred  and  sixty-eight  papers  were  considered  by  the  Standing 
Committee ;  of  these  three  were  given  as  public  evening  lectures  with 
lantern  pictures,  two  were  delivered  in  morning  general  sessions,  fonr 
were  not  accepted,  and  one  hundred  and  fifty- nine  were  referred  and  read 
in  the  several  sections  as  follows :  A  28,  B  19,  C  12,  D  7,  £  85,  F  SO,  G  0, 
H  28, 1  10. 

Twenty-four  hundred  and  sixty-two  copies  of  the  Montreal  volume  were 
printed  from  the  stereotype  plates  and  of  these  1788  have  been  dij)- 
trlbuted  as  follows : 

To  members  who  have  paid  the  Montreal  assessment       .       .  1500 

Sold W 

Distributed  by  order  of  the  Standing  Committee  and 

for  exchanges            S06 

Total  number  distributed  to  date       ...       1733 

Eveiy  effort  has  been  made  to  get  the  present  volume  through  the  press 
iMjfore  June  1,  the  date  assigned  by  the  Standing  Committee  for  its  pob- 
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llcatioD,  and  the  gain  in  time  over  that  of  previous  years  leads  to  the  hope 
that  the  new  rale  of  the  Committee  requiring  that  an  abstract  ready  for 
printing  In  the  volume  shall  be  received  by  the  Committee  before  a  paper 
can  be  referred  to  a  Section  for  reading,  will  make  possible  the  still  earlier 
publication  of  future  volumes. 

The  statement  of  the  receipts  and  expenditures  for  the  year  covering  the 
Montreal  meeting,  and  closing  just  previous  to  the  Minneapolis  meeting, 
is  given  In  the  cash  account  on  the  following  pages.  The  general  Ainds 
of  the  Association  remain  as  given  In  the  last  account  with  the  addition 
of  $150.00  to  the  Life  Membership  Fund,  and  the  additional  gift  of  $150.00 
to  the  Reprinting  Fund  ftom  Mrs.  H.  Herrman, 

Respectfully  submitted  to  the  Association, 

F.  W.  Putnam,  Permanent  Secretary. 
Salem,  Mass.,  May  U,  1884 
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F.  W.  PUTNAM,  PERMANENT  SECRETARY, 
Dr.  The  American  Association  vob 

1882-8. 
To  Balance  ftt)m  last  accoant  6808  57 

AssessmeDts  previoos  to  3Ist  Meeting     .    .  $657  00 
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